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AB^HACT 
I jka iziTestlg&tlon was undertaken to study the extraction 
of cottonseed oil by triohloroethylene in a counter-current, 
continuous, extraction unit and to study the effects of the 
operating Tariables cai the quality of the products produced 
•} 
and the efficiency of oil extracticm. A pilot plant extrac­
tion unit, siiailar in desi^ to the commercial soybean proc­
essing unit developed at Iowa State College and now being 
manufactured by the Croim Iron Works, Minneapolis, Minnesota, 
was designed and built to enable this investigation to be 
carried out with minimum amounts of cottonseed and solTent. 
This extractor consisted of a E-inch diameter, continuous 
loop conduit through which a special Bedler type chain con­
veyor carried the flaked cottonseed meats. The capacity of 
the extraction unit could be varied from 4 3/4 to 15 1/2 
pounds per hour of cottonseed flakes by chaziging the speed 
of the conveyor chain. The products obtained from processing 
cottonseed are an edible oil used primarily in production of 
vegetable shortenings and oleomargarine, and a high protein 
content residue used as a supplement in livestock rations. 
xl 
Due to a toxio pigment of oottonseed, goasypol, the residue, 
or aemlt must he given speeial treatment Isefore it is fed to 
livestook. 
Filot plant operations yielded data whioh indicated that 
a prime crude oil and a meal high in protein and low in free 
f 
gossypol can he produced in this type of extraction unit with 
trichloroethylene as a solvent. Since most of the free gos­
sypol contained in the flaked cottonseed is effectively de­
stroyed during the extraction process, the meal can he desol-
ventized at low temperatures which results in high protein 
solubility of the finished meal. Since certain batches of 
trichloroetl^l^ne extracted soybean meal have been found to 
be toxic to cattle, it is possible that the same may be true 
for oottO]Q«eed meal and its feeding to livestock is not rec­
ommended until it can be properly evaluated. 
The operating variables considered mere extraction time» 
meat diameter, flake thickness, extraction temperature, oil 
concentration in the extracting solvent or miscella concen­
tration, moisture content of the flakes, and degree of heat-
i£i^ the meats. Nathematical illations were developed which 
express the individual effects of the first four listed var­
iables on the per cent of extractable material remaining in 
the processed cottonseed flakes, or the residual extractables. 
By expressing the miscella conoentration in terms of kine­
matic viscosity, an equation was developed whloh gives the 
xil 
relatl<m of residual ©xtraotables to kinematic •Isooslty and 
extraotion temperature. This relation is 
a - ©(7.15yL^^ 0.0117 T) 
where (a) is per oent residual extraotables; is kine-
aatio viscosity, ft.»/hr.| and (T) is extraction temperature, 
®F. IPhe value of the constant in this equation, 7.16, will 
vary with changes in the extraction variables other than mis-
cella concentration and extraction temperature. It was found 
that the relation of these variables and this constant could 
be expressed as the product of the effects of the individual 
variables. Therefore, by combining this equation with the 
equations for the effects of extraction time, flake thickness 
and meat diameter the following equation was developed: 
8 - 8.60 XIO- - 0-01" -T) 
U^gO•9SS 
where (b) is fleOce thickness, ft.* (%) is meat diameter, ft.; 
and (€>) is extraction time, hours. 
It was foimd that there is no apparent relation between 
the data obtained in counter-current extractions and static-
bed rate extractions, fhe fact that the miscella concentra­
tion for the rate extractions was very nearly zero at all 
times and varied from zero to approximately 25 per oent dur­
xiii 
ing the oountezveurrent extractions is the probable explana­
tion for this lack of correspondMiee. 
4 cost estimate for a proposed BO tons per day cotton­
seed extraction plant indicated a processing cost of |97.07 
per ton of cottonseed processed, fhe return on an estimated 
total investment of |33@»000 would be approximately 29.5 per 
cent, when processing priae cottonseed. 
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IlSBOmGTION 
Fats a2id oils av@ a group of oommodltles whlcii belong 
aaioag the world's strategic raw materials. Today tiiey are 
used chiefly as food materials, but a oentury ago they were 
used maiiily as fuels emd lubricants. 7he development of 
electrio lightizig and the rapid technological development 
of petroleum products completely wiped out the major markets 
for fats and oils at this time. However, similar techno­
logical developments were instrumental in developing new 
methods for utiliziz^^ fats and oils as foods. In gemral, 
the term »fat» is used in reference to materials which are 
solid, or more properly, semisolid, at ordinary temperatures, 
whereas the term "oils" is reserved for those which are 
liquid under thm same conditions. With one or two minor ex­
ceptions, vegetable oils are of the latter characteristic 
and are therefore called "oils". 
As a food, fats oils have five chief qualities, 
listed below; 
1. They are the most concentrated source of caloric 
energy, having, per unit weight, 2.4 times the 
2 
heat eaatergy of pure staroh. 
a. IJhey require very little isetabolio work for utili­
zation of their energy. 
3. fhey are the vehicle for nearly all taste and flavor 
in foods. 
4. I'hey are the vehicle for essential dietary ingre­
dients such as vitamins A and D. 
5. fhey permit the use of time-saving processes in pre­
paring other foods* such as frying. 
In the last 60 years, the production of vegetable oils 
has steadily inoreased over the production of animal fats, 
as illustrated by the data given in Table 1. 
Table 1 
World Production of fats and Oils 
(thousand metric tons} 
Item Producticm year 
1910® 1935® 1949® 1952^ 
¥egetable oils 8,035 ia,860 13,765 14,935 
Animal fats 8,680 10,340 9,235 9,797 
^Brandt, Karl (13), p. 403. 
^Mational Cottonseed Products Association (37), p. 24. 
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Br-obably th® two most important devalopments which 
aaus@4 this increased vegetable oil utilization were the hy-
drogenation of liquid oils and the developiBent of oleoraar* 
garine. Hjdrogenation is a process by which oils ma^ be 
hardened to any desired degree, and led to the deyelopment 
of the lard substitutes ooamonly called shortenings. Both 
of the foods I shortenings and oleostargarinet are today su­
perior in certain respects to their aniaial fat competitors, 
lard and butter (13). 
CJottonseed is obtained from the annual plant, Qossypium 
hirsutua. which is grown extensively throughout the world 
for its long, oellulose*base fiber. The United States is 
one of the major producers of cotton, others being l^ypt, 
India, and Brazil. With each 100 pounds of cotton fiber, 
the oottOQ. plant yields approximately 180 pounds of cotton­
seed (57). Kot more than IS pounds of seed are needed to 
plant the following year's crop, thus, an average of 1.6 
pounds of by-product seed is produced for every pound of 
cotton fiber. Although the early Chinese and %yptians de­
veloped crude methods of obtaining the oil from cottonseed, 
commercial utilization of the seed was not important until 
the Sighteenth Century. A@ late as 60 to 65 years ago, the 
disposal of excess cottonseed, in the United States, was a 
considerable problem. The excess seeds were used as fertili­
zer, Immed, thrown into streams, or generally allowed to 
4 
rot in dump® near %h& ©otton gins. To protect the public 
froa the odors of decaying proteinaceous material and gener­
ally imsaMtary conditlcms resulting from such practices, 
laws were enacted to prohibit the «dumping" of cottonseed. 
The transition from the condition of that of a by-product 
disposal to one of large scale, commercial utilization over 
a relatively short period of time is quite remarkable. 
^he production, processing and value statistics for 
cottonseed and its products in the United States have been 
tabulated for a number of years in !l?able 2. 
Xear Production Processed Per cent Value of products 
Table S 
Oottoi^eed Produced and Processed 
and Total Product Value® 
processed 
(lOOOtons) (lOOOtons) (1000 dollars) 
1874 1,687 
1904 6,427 
1920 §,971 
1930 6,191 
1937 8,426 
1946 3,664 
1951 6,325 
3,345 
4,069 
4,715 
6,326 
3,262 
5,466 
S4 5.0 
52.0 
68.1 
76.2 
75.1 
89.1 
86.5 
69,310 
156,513 
169,513 
212,197 
240,566 
412,387 
2,530 
^national Cottonseed Products Association, Inc. (37), 
p. 20. 
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Today oottons©ed is th© third most valuable crop grown 
In th© Southern States, being exceeded only by cotton fiber 
and tobacco. During th© five crop years, 1941-45, the farm 
value of cottonseed averaged 16.3 per cent of the total value 
of the cotton crop (37). 
Although the average yield of oil per acre of cotton 
plants is low in comparison to that of other major oilseed 
plants, the fact that cottonseed is a by-product'makes this 
feature of little consequence. Table 3 gives a comparison 
of the yields of seed and oil of selected oilseed plants. 
Table 3 
Average Xields of Selected Plants^ 
(pounds per acre) 
Plant Seed Oil 
Cottonseed 440 68 
Soybean 1,104 166 
Peanut 647 188 
Coconut palm 1,580 1,000 
®Brandt, Karl (13), p. 404. 
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Prior to 1944, oottonse@d oil was the leading vegetable 
oil produced in the United States for all purposes. At the 
present time it ranks seoond to soybean oil in total amount 
produced} however, a large amount of soybean oil is used for 
industrial purposes and cottonseed oil is still the number 
one food oil produced. Approximately 90 per cent of the cot­
tonseed oil produced in this country is utilized in edible 
products (S7), Tables 4 and 5 give the production statistics 
for the major vegetable oils in the United States and the 
two main food products of these oils, shortenings and oleo­
margarine . 
C<Moeroial solvent extraction of cottonseed was first 
employed in 1947, i^out 10 years after the first soybean 
solvent extraction plants were successfully operated in this 
coimtry, ^he first plants erected were similar in design 
to the soybean extraction plants then in use, aad were only 
partially successful. Whereas soybeans are considered an 
ideal material for solvent extraction, cottonseed are now 
considered one of the least ideal; this fact brought out by 
industrial experience. Xhie to the poor operation of these 
first cottonseed extraction plants, the cottcmseed processors 
are, at the present time, distrustful of the extraction 
process in general. The nature of cottonseed and the im­
proper seed preparation methods caused high solvent loss. 
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Tahle 4 
Frodiuotfiozi of Vegetable Oils® 
(millions of pounds} 
Oil 193? 1942 1948 1961 
Cottonseed 1,478 1,386 1,464 1,418 
Soybean 419 768 1,604 8,469 
Peanut 87 77 157 176 
Com 155 848 803 838 
%.S. Bureau of ilgricultural loonomics (58), p. 24. 
fable 5 
Production Statistics on 
Shortenings and Oleomargarine® 
1937 1946 1949 1951 
Margariaae, mil. lb. 397 578 868 1,037 
Per cent of fat as: 
cottonseed oil 47 48 68 39 
soybean oil 81 41 37 55 
Shortenings, mil. lb. 1,595 1,451 1,487 1,404 
Per cent of fat as; 
cottonseed oil 68 34 36 24 
soybean oil 18 51 48 50 
%.S. Bureau of Agricultural Economios (&8), p. so, 23. 
s 
dark ©olor®d r®flB©d oil, and unsatisfactory equipaient oper-
atioia 1b tlbiese first plants (35). 
fhe bulkiiiess of cottonseed, 52 pounds per bushel, makes 
long distance transportation of the seed impractical. This 
fact dictates the use of small capacity plants which can be 
operated the year around on seed that can be obtained lo­
cally. Since the solvents employed in the first extraction 
plants were explosive and flammable, it was considered un­
economical to build plants of less than 100 tons per day 
capacity. Thus, small plants are desirable for raw material 
supply and large plants are required for economical reasons 
if an explosive solvent is used. 
As the result of a number of years of research, an ex­
traction process has been developed at Iowa State College, 
utilizing the non-explosive and non-flammable solvent tri-
chloroethylene, for processing soybeans. Further, this re­
search was directed toward the objective of developing small 
capacity plants, 25 tons per day, which could be operated 
by non-technical personnel and which would operate on lo­
cally available soybeans. A number of these plants are in 
successful operation at the present time. 
The present investigation was tmdertaken to study the 
feasibility of extracting cottonseed by this process, with 
trichloroethylene. The effects of the various extraction 
9 
varlabl©® w©r® also considered as an objeotlve, since the 
optlaiam operating conditions were desired if the process 
could Is© suocessfuJlly adapted. 
10 
BBVIBW OF LITEBATOBB 
Compoeition of Cottonseed 
Cottonseed as obtained from the gin, or fiber removing 
prooess, is composed of the following physical parts: the 
icemel or meat, which Is the Inner part of the seed; the 
hull which is a dark-colored shell surrounding the kernel; 
and the linters which are short fibers attached to the hull. 
The average percentages of the various components are given 
In Table 6. 
Table 6 
Average Composition of Cottonseed^ 
(per cent, moisture free) 
Basis Lint Hull Oil-free Oil 
meat 
Whole seeds IS.71 31.76 35.83 19.70 
Bellnted seeds 0.00 36.38 41.18 22.40 
oehulled meats 0.00 0.00 64.70 36.30 
Bureau of Agricultural and Industrial Chemistry (53), 
p. 22. 
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Th@ peaiHsentag© of total value of cottonseed products 
accounted for by the various components over a period of 
years, in the United States, is given in Table 7. These 
values are based on actual sales, and in the case of hulls 
the amount used for fuel at the processing plants is not in­
cluded. 
Table 7 
Average Per Cent of Total Value 
of Cottonseed Productsa 
Product 1910-14 1925-29 1935-39 1950 
Oil 82.5 53.4 55.4 51.4 
Meal^ 35.9 32.9 29.1 32.4 
Hulls 7.0 4.6 4.5 3.9 
Lint 4.6 9.1 10.9 13.3 
^Bailey, Alton E. (4), p. 25. 
^Besidual material after commercial oil extraction. 
Since the oil is the most valuable of the products re­
covered fro® cottonseed, prooessing developments have been 
focused on the completeness of its removal from the seed. 
Depending upon the nature of the seed and the process, ap­
12 
proximately one to seven per oent of the prooessed meat is 
residual oil. Cottonseed oil, as is oharaoteristio of all 
vegetable oils* is a slxture of esters of high moleoular 
weight fatty aoids, or triglyoerides (4). Structurally 
these triglyoerides may be considered to be formed by the 
oondensation of one molecule of glycerol with three mole­
cule® of fatty acids to yield one molecule of a triglyceride 
and three molecules of water. Cottonseed oil contains a 
relatively high percentage of saturated fatty acids, which 
increase its value as a food oil. The fatty aoids which 
are most prevalent in cottonseed oil triglycerides are given 
in arable 8. 
^able 8 
Common Fatty Acids of Cottonseed 011®^ 
Fatty acid Degree of 
unsaturation 
Per oent of 
oil weight 
Palmitic 
(hexadecanoic) 
saturated 23.4 
Oleic 
(ootadecenoio) 
one double bond 22.9 
Linoleio 
(octadecadienoio) 
two double bonds 47.8 
®Bailey, Alton E. (4), p. 152. 
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la a di8CU8sl<m of the oharaoteristios of cottonseed oil, 
three Kinds ©f oil are to be distinguished. These are (a) 
crude oil, which is the oil as it is recovered from the seed 
and contains a number of non-glyceride components such as 
pigment bodies, phosphatides and free fatty acids; (b) re-
fiawd oil, which is the crude oil that has been freed of 
most of its non-oglyceride constituents by treatment with al­
kali j (o) bleached oil, refined oil that has been treated 
with an activated adsorbent to remove residual color bodies. 
Specifloat!ons for priiae oils, as set up by the industry, are: 
crude oil, maximum refining loss 9.0 per cent and maximum free 
fatty acid content 5.33 per cent; refined oil, maximum oil 
color 7.6 and maximiai free fatty acid content 0.25 per cent; 
bleached oil, maximum oil color 2.6 and maximum free fatty 
acid content 0.E5 per cent. 
^h© linters, due to their high cellulose content, are 
of value in production of nitrocellulose and viscose rayon. 
!]^hey are also used in coarse, spwa products such as twine, 
wicks or gauze. 
The hulls of cottonseed ax^ the least developed of the 
major components. At the present time they are used as ad­
ditives to cottonseed meat to adjust the protein to one of 
the trade standards, namely 41 or 36 per cent. The hulls 
are a good source of furfural, yielding about 10 per cent 
of furfural by weight (5). They contain a considerable 
14 
amoimt of Industrially suitable tannins (5). Humorous other 
uses have been reported such as plastio fillers, source of 
aetiTated oarbon, and a base for sweeping compounds (5). 
The cottonseed meal is used mainly as a protein sup~ 
plement in livestock rations, and therefore during the proc­
essing of the seed, conservation of the protein in its most 
easily digestible form is desir^le. Vhen the meal is heated 
the proteins are denatured to some ejctent, causing loss of 
nutritional value (41), the amount being dependent upon the 
time of heating, the temperatures involved and the moisture 
content of the meal (8). fhere are four protein fractions 
in cottonseed meal, namely* a water soluble fraction con­
stituting frc« ZS> to 30 per cent of the total protein con­
tent; a fraction soluble in weak salt solutions, constitu­
ting about 50 to 55 per cent of the total protein content; 
a fraction soluble in weak alkaline solutions, commonly 
called glutelin, which varies considerably in amount; and 
a retiaual fraction which is not extractable (53). During 
the heating of cottonseed products, the protein fractions 
soluble in water and weak salt solutions are denatured, be­
ing ccoaverted to less available residual proteins (5). 
Bumet (15) reports that moist heating increases the glute­
lin protein fraction in triohloroethylene extracted soybean 
meal. Ivans and St. John (S3) report that the glutelin 
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fraotion is of ©oujsiderable impoptano© In the nutritional 
"ralu® of so7ld@£ai meal. Oloott and Fontaine (41) report that 
the nutritional value of oottoiyieed meal depends, to a large 
extent, upon the araoimt of protein soluble in water and weak 
salt solutions, as is indicated by the data given in Table 9. 
Table 9 
Sffeot of Protein Content on the 
Gain of Weight by fiats'^*® 
Total protein Per cent of total protein Gain in weight 
in oottonseed soluble in gm/gm of 
meal, per oent Water MaCl sol. protein fed 
45.g S.4 45.3 1.71 
46.7 6.7 38.0 1.39 
40.1 7.5 22.0 1.24 
42.1 7.1 9.6 1.12 
®Olo0tt, H. S. and Fontaine, T. D. (41), p. 715. 
^Cottonseed meal oonstituted 22 per oent of ration. 
4s is oommon to most vegetable oil seeds, cottonseeds 
contain small amoimts of pigments such as oarotenoides and 
ohlorophyll. However, the most important oottonseed pigment 
is a yellow solid called gossypol, which is unique to cotton­
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s®®d. Ooseypol is ©aelly oxidized, in the presence of air, 
to a reddish-blaok eosipoMnd. Adans and co-workers (1) pro­
posed that gossjpol has a ahemioal formula of 030^30^8» 
a structure of E|,3-bi-l|6,7-trihydroxy-3«methyl-.5-.isopropyl-. 
8-aldehydonaphthyl. iDue to its toxic properties, the removal 
or destruction of gossypol in processing cottonseed meal is 
of prime importance and therein is one of the ma^or problems 
involved. The pigments are located throughout the tissue of 
the meat in glands, which are strong, semi-rigid, ovoid 
shaped cells about 100 microns long (10). If the gland wall 
holding the gossypol can be ruptured, the gossypol is readily 
converted to a non-toxic form called »bound" gossypol, by 
oxidation. In contrast, the "unbound^ or toxic gossypol is 
called "free" gossypol. Due to their small size, the cells 
are generally not imptured in the various mechanical opera­
tions carried out mi the seed durizag the oil removal. Heat-
i3ag, in the presence of moisture, will effectively rupture 
the pigment glands, but the degree of heatizig required to 
accomplish this also denatuz^s the proteins (50, 51). The 
solubilities of the gland wall in various dehydrated solvents 
has been studied by Oechary and co-workers (20). The data 
they obtained by subjecting cottonseed flakes, with a free 
gossypol content of 1.10 per cent and a moisture content of 
10.0 per cent, to various solvents is given in Table 10. 
17 
fabl© 10 
leduetion of free 0ossypol in Cottonseed Flakes 
by Parlous Qehydrated Solvents® 
Solvent Free gossypol in 
treated flakes 
(per oent)^ 
Beduotion in 
free gossypol 
(per cent) 
Methanol 0.613 44.3 
Aoetone 0.710 35.5 
Isopropanol l.OgO 7.7 
lutanone 0.760 30.9 
Pioxane 0.84E S3.5 
1»E DiohloFoetliane 0.774 20.7 
T?rloliloj*o©ttoylene 0.974 11.5 
^Deohary and oo-workers (SO), p. 340. 
Moisture and oil tr&@ basis. 
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Oloott (40) reports that gossjpol is almost oompletely ex­
tracted by ehlorlnated hydrocarbon solTents. Boatner {9) 
found that pigment glands In sliced sections of cottonseeds 
were unaffected by exposure to moisture-fi^e trichloroethyl-
ene for 24 hours. Oonmercial solvent extraction with hexane 
removes the gossypol to some extent, but the amount removed 
is variable (11). Wetting the flaked cottonseed with water 
causes isimediate rupture of the pigment glands (11). 
Eemoval of the gossypol frcM the meal does not solve 
the processing problem entirely, since gossypol tends to 
cause the color of the oil to be dark (9, 40). When crude 
cottonseed oil, containing gossypol, is heated above temper­
atures of from 150 to ldO«>f, the oil develops a dark red 
color which is difficult to remove by common refining meth­
ods (35). Although the mechanism is not known, this color 
fixation is attributed to the conversion of gossypol to a 
stable red compound. Several investigators report that the 
presence of gossypol in crude cottonseed oil reduces the 
loss of oil during the refining operations (S). Gibbins 
{25} Carried out comprehensive studies on the mechanism of 
reduction of free gossypol to bound gossypol and reports 
that it follows a secoi^ order chemical reaction; the re­
duction being a function of the temperature and time of 
heating, and the moisture content of the material. 
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amount of gossypol whioh causes cottonseed meal to 
be tojcie is not definitely established. LyiQan (34) reported 
that cottonseed meal was no longer toxic to guinea pigs when 
the free gossypol content was 0*07 per cent or lower. 
Heuther and co-workers (46) report that more than 0.03 per 
cent free gossypol in cottonseed meal will affect the growth 
of swin® and poultry when included in their ration at a nor­
mal feeding level. 
Gomjmvolol Processing Methods 
At the present time, there are four commercial processes 
being utilized for removing the oil from cottonseed. In 
chronological order they are hydraulic batch pressiziig, con­
tinuous scj^w pressing or expelling, solvent extraction, 
and pre-pressing followed by solvent extraction. Bach proc­
ess has definite advantages, but the current opinion is that 
a properly designed and operated solvent extraction process 
is superior. 
Solvent extraction of oilseeds was originally developed 
in Surope and was fairly well established by about 1870 (35). 
The first processes were coimter-current, multiple batch 
systems; the first continuous, counter-current extraction 
systems being developed in Germany about 1920 (35). The 
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first oontimious ©xtraotlon plant erected in the U^aited 
States was installed by a German company in 1934 for prooes-
sing soybeans at the daily rate of 100 tons; however, as 
late as 1941, the continuous solvent extraction of cotton­
seeds was considered impractical (35). In 1947, after con­
siderable pilot plant work, a 200 tons per day cottonseed 
oil extraction plant was erected by Allis-Chalmers Hanufae-
turing Coiapany at JPielta, ijrkansas. Commercial hexane was 
used as a solvent in this plant and in two similar plants, 
erected in the following year. At the present time there 
* are a number of hexane extraction plants processizig cotton­
seed in the United States which account for approximately 
10 per cent of the total processing capacity (19). 
A number of authors have summarized the various types 
of continuous extractors which are being operated on various 
oilseeds at the present time (5, 8, 18, 26, 48). The ex­
tractors can be classified in two general groups according 
to .the method of contactiiig the oil seed and solvent. These 
are the percolation type in which the solvent is sprayed on 
a bed of flaked oilseed and allowed to seep through the bed, 
and the total immersion type in which the flaked oilseeds 
are completely covered with the solvent. The former type is 
considered best for materials which tend to disentegrate dur­
ing the extraction process since the bed of flakes acts as 
a primary filtering media for the oil-solvent mixtures. The 
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latter type of extmotors should give the beet extraction due 
to the more intimate contact of solvent and flakes. A more 
ooiaiBonljr used olassifioation of extractors is according to 
their general design. The five main groups of extractors, 
as classified in this manner^ are basket« screw conveyor, 
tower, endless belt and compartment extractors. 
Basket type extractors were developed in Germany in the 
early 1920*s, and were probably the first commercially suc­
cessful continuous extraction plants. They are of the per­
colation type, characteriEed by small baskets with perforated 
bottoms fixed to endless chains which carry the flaked oil­
seeds through a vapor-tight housing while solvent is sprayed 
into the baskets. These extractors are manufactured by the 
French Oil Hill Company, the Blaw-Inox Company and Bamag, 
Limited. 
The most widely used extractor of the screw conveyor 
type is the Hildebrandt extractor, which consists of two ver­
tical tubes connected with a horizontal tube at their bottom 
ends forming a P-tube. Screw conveyors, operating in these 
tubes, move the flaked oilseed from the top of one vertical 
tube to the top of the other. The solvent is introduced be­
low the extracted flake discharge and the final miscella^ 
"-Miscella refers to mixtures of vegetable oils and the 
extracting solvent. 
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l®av®® at th.© top of th© seoond tub©, Just below the flake 
f©©d point. These ©xtraotors operate on th© principle of 
total immersion and, due to th© action of the screw convey­
ors, result in considerable agitation of the flake bed. 
fhere are a number of modifications of the Bildebrandt de­
sign which differ mainly in th© positions and angles of th© 
tubes wil^ respect to each other. 
Tower type extractors are of the total immersion typo, 
and probably haT© th© most agitation and bast solTent-flak© 
contact of present commercial extractors. They consist of 
a large, vertical, cylindrical shell fitted with horizontal 
plates. The plates have segments cut in them through which 
th© flaked oilseeds mOT© from plat© to plat© downward through 
th© tower. A rotating, centrally positioned shaft, fitt©d 
with scraper arms, acts as the motive force for this move­
ment. Th® solvent enters at th© bottom of the tower and 
th© miscella is discharged near th© top frcm an ovarflow 
weir. Th©s© extractors are manufactured by the Allis-
Chalmers Hanufacturing Compsoiy and the V. D. AaAeraon Com­
pany. 
The endlass belt type ©xtractors operat© on th© percola­
tion principl©, utilizing an endl©ss, perforated belt which 
moves horizontally in a vapor-tight housing. The solvent 
and miscella of low oil content is spriayed on the bed of 
flaked oilseed as it is carried through the extractor on 
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the belt. Th# Be Smet and Whitehead extractors are the most 
oomaon of this group. 
Ccmpartffient type extractors consist of a number of com­
partments In which the flakes are contacted with the solvent, 
either toy percolation or total Immersion. aJhe principle of 
operation is similar to multiple*stage hatch extractors, 
with the flakes and solvent moving in counter-current flow. 
The stages or compartments are enclosed in one vapor-tight 
housing and the contacting and separation of flakes and sol­
vent are controlled automatically. The Blaw-Knox "Hotocell" 
and the «Kennedy" are two of the more common extractors of 
this type. 
The Crown Iron Works extractor which was developed by 
a research group at Iowa State College is in most respects 
similar to the compartment type of extractors. The flakes 
are totally Immersed in this extractor, and are held in a 
series of compact beds by a Redler type chain which moves 
the flake beds through the solvent. Each individual flake 
bed acts as a filtering media, and effectively removes most 
of the fine meal particles from the counter-current flowing 
solvent. Figure 1 is a flow sheet of a S6 tons per day soy­
bean extraction plant using this extractor. 
Although the main object in processing oilseeds is to 
remove a maximum amount of oil from the seeds, there are 
other factors which must be considered. Of these, the color 
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of the oil obtaiB@d« the refining lose of the oil, and the 
protein and gossypol content of the meal are probably the 
moat iaportant. Therefore, in oomparing various methods of 
removing the oil, the effioienoy of removal is not the only 
criteria to follow. 
Harris and Hayward (23) ocHsipiled data on oil recovery 
from oottonseeda by three processes, which are given in 
Tables 11 and IE. 
Duning and Terets^e (21) compiled data on cottonseed 
processing by three methods$ hydrsAilic pressing, continuous 
expellii:^, and pre-pressing followed by solvent extraction 
with hexane, which are presented in Table 13. 
Ourda (27) predicted that the solvent extraction of 
cottonseed would eventually replace the older pressing and 
expelling processes now in use. He reported, in 1949, that 
the annual net revenues of a 200 tons per day hexane extrac­
tion. plant would be from |190,S00 to #840,800 depending upon 
the quality of the seed^ while a hydraulic press plant of 
the same capacity would yield annual net revenues of only 
|5,600. 
Commercially, the term "solvent extraction" refers not 
oaly to the removal of the oil by a solvent, but rather to 
the process of converting the cottonseed into its industri­
ally valuable products as a whole. The p2*etreatment of the 
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Tabl® 11 
Froduot Itield by Various Processes 
per Ton of Cottonseed® 
Hydraulic 
pressing 
Continuous 
expelling 
Extraction 
with hexane 
Oil, pounds 313 323 350 
Heal, pounds^ 917 917 917 
Hulls, pounds 470 460 433 
liint, pounds 190 190 190 
l^osst pounds® 110 110 110 
Eesldual oil 
In meal, % 5.0 4.0 1.0 
leflning loss 
of oil, % 8.0 8.6 8.5 
Eeflned oil 
yield, pounds 298 296 320 
^Harris, 1. D. and Hayward, J. W. (28), p. 24. 
^All aeals adjusted to 41 per oent protein toy addition 
of hulls. 
^Loss during prooesslng oonsists mainly of moisture. 
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fable 12 
Value of Products Produced by Various Processes 
per Ton of Cottonseed Processed® 
(dollars) 
Product Base Hydraulic Continuous Hexane 
priced pressing expelling extraction 
Heal 158.50 
per ton 
26.85 26.85 26.85 
Oil #0.1513 
per lb.<^ 
41.39 42.54 46.09 
Bulls 17.00 
per ton 
1.65 1.61 1.52 
Lint 10.08 
per lb. 
15,20 16.20 15.20 
aross return 85.09 86.20 89.66 
Operating costs 77.42 77.75 78.06 
0ross profits 7.67 8.45 11.60 
®Harrls, 1. D. and Hayward, J". W. (28), p. 25, 26. 
February, 1950, prices. 
^Actual value of oil fros the different processes Is 
adjusted for premlujais and discounts. 
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fablo 13 
Comparison of tfaa Meal Produced 
by Three Cottonseed Frooesses® 
Pre-pressing 
& extraction 
Continuous 
expelling 
Hydraulic 
pressing 
Moisture, % 10.0 10.0 10.0 
Eesldual oil, % 0.40 3.48 5.29 
Soluble protein, S8.5 11.5 30.7 
Wrm gossypol, ^  0.03 0.02 0.07 
^Dmnalng, jr. V. and Terstage, E. J". (21), p. 154. 
bfey 0©3at of total protein soluble in a 0.5 H NaCl so­
lution. 
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oilseed, prior to the actual removal of the oil, Is essen­
tially the same In the various prooesses. However, the ef-
fiolenoy of the solvent extraction process is greatly affect­
ed hy these operations, since excessive amounts of fine seed 
particles, hulls and lint in the feed material result in 
poor equipment operaticm and excessive solvent loss (27). 
The oil obtained from the pressing and expelling prooesses 
has only to be filtered, while the miscella obtained from 
the solvent process, in addition to filtration, has to be 
processed to desolventize the oil. In the case of cotton­
seed, heat sensitive pigment bodies and non-glyceride com­
ponents contained in the miscella require that low tempera­
ture desolventlzing be used to prevent production of a dark 
colored oil« fhe meal produced by the pressing and expel­
ling process has only to be treated to reduce the gossypol 
content below the toxic limit, while the residue from the 
solvent process must be freed of solvent, not only to pre­
vent contamination but for eccmomioal reasons, and in addi­
tion the free gossypol content imist be reduced below the 
toxic limit. 
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Considerations in Solvent Extraction 
The oil contained in oilseeds is held in small cells 
which are scattered throughout the kernel of the seed and are 
considered to be impervious to the oil. During the prepara­
tion steps, a small number of these cells are ruptured which 
exposes the oil directly to the solvent* and the solubility 
of the oil in the solvent would control the removal of this 
portion. However, the percentage of these ruptured cells is 
small and the bulk of the oil is still held in the cells 
prior to the extraction process. For this portion of the 
oili the mechanism of removal is a diffusional operation in 
which the solvent and oil must diffuse through the cellular 
structure of the seed (31). Since vegetable oils are readily 
s(|j|.uble in most solvents, the diffusional process can be ex­
pected to be the controlling factor. The solubilities of 
vegetable oils in most organic solvents is infinite and for 
this reason equilibrium concentration compositions do not ~ 
limit the extraction process. Thus with free circulation of 
the solvent, the rate at which oil is extracted from a seed 
particle should be a function of the surface area and thick- ~ 
ness of the particle and the concentration of the oil in the 
extracting solvent and the particle. In accordance with this 
feature, the oil seeds are generally subjected to a distor-
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tioml op©Fatioa callea "flaklBg*", prior to extraotion, in 
wMoii th© seed® are "rolled out" to thicknesses of 0,010 to 
0.015 inohes. 
louoher and oo-workers (IE) carried out experimental 
batch extractions of thin, porous, ceramic plates that were 
impregnated with soybean oil end found for this system th© 
general diffuslonal theory was valid and the rate of extrac­
tion could be expressed mathematically• The apparent dif­
fusion coefficient was simply a function of the product of ~~ 
th© viscosities of the solvent and oil. A lack of corre­
spondence between extraction rate and Reynolds number of the 
flowing solvent, over a wide range of the latter, indicated 
that liquid-film resistance to transfer of oil to the sol­
vent is inconsequential as compared to resistance to dif­
fusion within th© plates. However, the theory developed by 
these men is valid only when all plates have the same thick­
ness; an average thickness cannot be used for a material of 
non-unifoxn thickness. Earnofsky (31) found that the rate 
of extraction of cottonseed flakes was slower than for soybean 
flakes of the same thickness. 
Mingard and Phillips (54) report that the amount of oil 
extractable from any given type of oilseed is variable, de-
pei^ent upon the temperature at which the extraction is car­
ried out and th© solvent used. Bull and Hopper (14) report 
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a phospliatid® content of 18.62 per cent in the last 1.1 per 
cent of material extracted fro® soybean flakes with commer­
cial hexan® at 40®C. Kamofsky (31) reports that a similar 
fraction of extractahle material had a refining loss of 81.5 
per cent. Since soybeans generally do not contain more than 
two per cent phosphatides and they are removed in commercial 
r@finiz3g, these data indicate that the nozi-glyoeride oompo-
nsnts are removed near the end of the extraction process. 
Coats and Eazmofsky (16) report that in commercial operations, 
extraction in the range of 5.0 to O.S per cent residual oil 
is so slow that it actually controls the overall extraction 
rate and extractor design. They claim that the slow final 
extraction rate is, in part, the result of decreased solu­
bility of the last portions of the material extracted, which 
are not necessarily glycerides. King and co-workers (32) 
and Osbum and Katae (42) obtained experimental data on batch 
extraction of soybean flakes with trichloroethylene which 
indicated that 70 to 90 per cent of the oil is extracted 
with a relatively high diffusion coefficient of 4 x 10"® 
square feet per hour. Karnofsky (31) reports that increas­
ing the extraction temperature from 100 to 192®P reduced the 
time required for heptane to lower the oil content of cot­
tonseed flakes to three per cent by 80 per cent. This is a 
considerably greater effect than would be predicted from a 
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simple deerease In irlseosity and inorease in diffusion coef-
fioient as predicted by Boucher (IE). It is apparent that — 
the extraction is not simply a diffusional process, but 
rather a eomMnation of diffusion and solubility, each of 
which controls tlm rate of oil remoiral during some period of 
the extraction process. 
Wingard and Phillips (54) report that the time required 
to reduce the residual oil content of cottonseed flakes to 
1.0 per cent, by extraction wit^ oonmercial hexane, varies 
with the -1.9 power of the extraction temperature. — 
Coats and Wingard (17) report that the time required to 
reduce the residual oil content of cottonseed flakes to 1.0 
per cent, by extraction with commercial hexane, varies with 
1.5 power of the flake thickness. King and co-workers (32) " 
report similar results for a system of cottonseed flakes and 
trichloroethylene. 
Fan and co-workers (E4) found that the average diffusion 
coefficient for extraction of oil from peanut slices by hex-
ane was 7 x 10"® square centimeters per second and that, in 
the range of 10 to 22 per cent moisture, the diffusion coef­
ficient decreases about 0.4 square centimeters per second for 
every 1.0 per cent increase in moisture content of the pea­
nut slices. Xgarashi (g9) reports that extremely low mois­
ture content in oilseeds decresuses the oil yield due to in­
creased imperaability of the cell walls as they dry out. 
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Heuther and oo-workers (46) report that a cottonseed meat 
moisture of 9 to 10 per cent results in fewer fines being 
formed during the flaking and extracting processes. Arnold 
fflad Fatel (E) report that the moisture content of cottonseed 
flake® has very little effect on the residual oil content of 
trichloroethylene extracted flakes, based on rate extraction 
experiments. 
King and co-workers (3S) report data on a system of soy* 
bean flakes and hexane, which indicates that flakes formed 
from large seed particles are extracted more rapidly than 
flakes of the same thickness which are formed from small 
seed particles. Fresumably this is due to the greater in» 
teraal distortion and cell rupturing occuring in the larger 
meats. 
lussell (47) found that the concentration of oil in the 
overflow miscella has an appreciable effect on the residual 
oil content of cottonseed flakes extracted by trichloro­
ethylene. 
Solvents 
One reason for the failure of early efforts to extract 
oilseeds and the insulting delay in development of the ex­
traction industry has been ascribed to the lack of a really 
35 
aatisfaotorj solvent ( 3 5 ) .  Solvents used in the first ex-
traoti^ plants were not speoifioally developed for extrac­
tion and proved msatisfaotory due to wide "boiling ranges 
and impurities, which resulted in oontaminated products or 
poor qualitj products since excessive soaounts of heat were 
needed to completely remove the solvent. At the present 
time there are a number of extraction solvents which have 
been developed specifically for this purpose. There are 
numerous factors that must be considered in the selection 
of proper solvents, and, as yet, no one solvent has been 
foimd which does not possess certain disadvantages (35). A 
ziumber of authors have enumerated the factors to be consid­
ered, and a brief discussion of them are given in the follow­
ing sections (18, 35, 36, 49). 
The solvent should have good selective solvent proper­
ties* that is, it should be a good solvent for the triglyc­
erides and a poor solvent for the non-glyceride constituents 
of the oilseed. 
Inasmuch as many of the products of solvent extraction 
are used mainly for edible purposes, it is necessary that 
the solvent used be easily removed from both the meal and 
the oil. Since each of these products may be adversely af­
fected by the application of excessive quantities of heat, 
it is desirable to remove the solvent at the lowest practi­
cal temperature. Economic motives also indicate the removal 
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of the solY®iit at a relatively low temperature; accordingly, 
the specific heat, the latent heat of vaporization, and the 
boiling ra»g@ of the solvent should be such that these ob­
jectives may be acoooplished most readily. Since steam 
stripping is resorted to in the final stages of solvent re­
moval from the oil, the solvent should be insoluble in water. 
The solvent must not enter into a chemical reaction 
with either the materials of construction or with any of the 
oilseed components. The chief danger from corrosive actions 
of the solvent is the possible contamination of the products, 
not so much the damage to equipment. The solvent should not 
decompose or break down in any way under the operating con­
ditions, since economical operation of an extraction plant 
is feasible only if the solvent can be recovered in its 
original state. 
Initial cost of the solvent can represent a capital in­
vestment of considerable amount, and during normal operation 
some of the solvent can be expected to be lost, thus the cost 
of the solvent should be a minimum. 
The solvent and its vapors should be non-poisonous 
since the products of the extraction process may be contsua-
inated by traces of it, and the health of the operating per­
sonnel may be end£U!igered. 3ime large quantities of solvent 
are being vaporized and handled in modem extraction plants. 
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trh® solvent should not fe® flammable or form ©xploalT® mix­
tures with air. 
fh© most widely used group of solvents at the present 
time are paraffinie hydrocarbons» oommonly referred to as 
extraotion-naphthas. These solvents are not single oom-
pounds, but are mixtures of various to Qr^ hydrocarbons, 
fhey have good solvent oharaoteristics and are stable, how­
ever all are extremely inflammable (36). Various alcohols 
have been investigated as solvents for vegetable oil extrao-
ti^ and of these, isopropyl and ethyl seem to be the best 
suited (6, 2B), Harris and Hayward (88) report that iso­
propyl alcohol is a good solvent for cottonseed extraction, 
since it removes the gossypol, and enables production of a 
meal with a high soluble protein content. Sweeney and co­
workers (49) have done considerable work on the utilization 
of chlorinated hydrocarbon solvents. They report that of 
the common solvents of this type trichloroethylene extracts 
the most material from soybeans. Since trichloroethylene 
is not as selective as the paraffinie hydrocarbons, a larger 
amount of the non-glycerides such as gossypol and fatty acids 
can be expected in the extracted oil (35). Eaves and co­
workers (23) report that solvents which are more polar and 
in which water is more soluble yield crude oils with higher 
gossypol content and that have higher refining losses. The 
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meal produeed from the oottonseed extracted with these sol­
vents is lighter in color and has a higher protein solubil­
ity. Jiyers and Scott (3) found that hexane is a better ex­
tracting solvent than Mixtures of 95 per cent hexane and 
various alcohols. Bender and McHeil (7) report that a mix­
ture of six parts of hexane and one part of water with four 
hours of violent stirring effectively ruptures all of the 
pigment glands in cottonseed. Eussell (47) reports that 
ooiuater-current extraction of 0.012 inch thick cottonseed 
flakes with trichloroethylene results in a meal with 8.57 
per cent residual oil after extracting for 25,6 minutes at 
60®C. The oil he obtained from this experiment had a refin­
ing loss of 10.7 per cent and the bleached oil had a lovi-
bond color of 35 yellow and 10.5 red. However, the cotton­
seeds used in this experiment were badly deteriorated and 
hiMi a high initial free fatty acid content. Lui (33) made 
a study of the effect of temperature on cottonseed oil-
trichloroethylene miscellas during the oil desolventizing 
processes. He reports that at temperatures above 150®F the 
oil develops a dark color which cannot be removed entiTOly 
by noanoaal refining procedures. Very likely some of the color 
was due to the low grade cottonseed meats used in preparing 
the miscella for these tests. Lui (31) also reports that 
trichloroethylene concentrations of 0.01 per cent and greater 
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in refined and bieaohed oil ar© poisonous to th® niokel 
oatalyst during hjdrogenation. He found that low oonoen-
trations of trloiiloroethylen© in orud© oottonseed oil are 
reaoired during the oommon refining and bleaohing operations, 
thus triohloroe^bylene extracted cottonseed oil should not 
contain this contaminant auring the hydrogenation ox>eration. 
Horris and co-workers (59) report that concentrations of 
trichloroethylene of 0.055 per cent and greater in refined 
and bleached cottonseed oils retard the rate of hydrogena-
tion. 
The vapors of trichloroethylene hare been shown to pro* 
duee anesthesia and some toxic effects on humans (49). Tri-
chloroethylene primarily attacks the nervous system, and its 
imaiedlate effects are similar to alcoholic intoxication, al­
though recovery is rapid in fresh air. Serious complica­
tions result only frooi prolonged exposure to extremely high 
vapor concentrations, which is not a likely occurrence in 
modem extraction plants. 
Although considerable amounts of trichloroethylene-
extracted soybean meal have been fed with excellent results, 
certain batches of the meal have been found to be toxic to 
cattle. The exact cause of th© toxicity has not yet been 
fully determined; however, it seems to be due to the reac­
tion of trichloroethylene and certain substances in the 
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soybeans. It is possible that trlohloroethylene extracted 
oottoiiseed seal may also have similar toxlo properties and 
feeding to livestock is not reooasmended until it oan be 
properly evaluated. 
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BMJHAOf lOM mSE imE3TIQAT10n 
Haterlals 
Bolrmnt 
Tim solvent used was extraction grade triohloroethylene 
purohased from S. I. Piipont deMeraours and Company. The sol­
vent had a nozisial boiling point of 188<^F. 
OottQ-rtatijtiid 
fh© cottonseeds used were prime, delinted seed purchased 
from the Backeye Cottonseed Kill, Memphis, l^ennessee, in 
January, 1951. 
Squlpraent 
ffhe extractor consisted of a l-inoh dis^eter glass tube 
equipped with a Jacketed section through which water was 
circulated from a constant temperature bath. The solvent 
heater ocmsisted of a 10-inch long, 10 mm. diameter glass 
tube wrapped with No. 20 nickel-chrome resistance wire. A 
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slide wire rheostat, oozineoted in series with the resistanoe 
wire, was used to oontrol the heat input to the heater. A 
soheaatio diagri® of the apparatus is shown in Figure 2. 
Aa. attrition mill and seed fanning mill were used to 
dehull the cottonseed and separate the resulting meat par­
ticles and hulls. A meat "tempering" apparatus, consisting 
of a S-inch pipe fitted with a solid-flight screw conveyor 
and a stean heated Jacket, was used to pre-heat the meats 
prior to flaking. 
fhe flaking rolls wex^ oonstructed from a set of 17 1/2 
inch diameter gasoline engine flywheels, with 15/8 inch 
faces. The faces of the rolls were machined to give an even 
flaking surface and the inner rims were machined to give 
the wheels dynamic balance. The rolls were mounted, between 
parallel X-beeyms, on stub shafts free to rotate in pillow 
block bearings. The bearings on one shaft were fixed to 
the I-beams and the bearings on the other shaft were free 
to slide in guides, in a horizontal plane. An adjustable, 
spring loaded, tie rod was connected to each of the sliding 
boariaags, which enabled variation of the presaiar© exerted 
by the rolls and oojmsequently the thickness of the flakes 
produced. The rolls were driven at 206 rim by a 1-horsepower, 
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1160 rpm eleotrie motor and roller ohain speed reduction ar­
rangement. 
Procedure 
Pr®i>aration of flakes 
Thm cottonseeds were dehulled ipad, after separation 
from the hulls, the meats obtained were heat treated in the 
tempering screw and flaMed. A composite flake sample was 
screened by hand, to prevent excessive breakage, over an 8-
and 14-me8h screen system, producing three screen sizes of 
flakes. Jny hull particles not removed by the seed fanning 
mill were removed by hand picking. 
Extraction rate determination 
A weight of fla:k»d cottonseed giving approximately 11.6 
grams of moisture-free material was added to the extractor 
and heated to the extraction temperature by circulating water 
through the jacket. At the same time, solvent was passed 
through the solvent heater and allowed to flow from the 
drain. When the flakes and solvent were at the desired ex­
traction temperature and the solvent flow rate adjusted to 
10 ml. per minute, the drain was closed and the solvent 
passed through ^ e flake bed. The starting time of each run 
was taken as the first drop of miscella flowed from the ex-
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traetlon tub®. Tim mlsoella was eolleoted In 100 ml. grad­
uates at a rat® of 10 ml, per minute, aflltorod into tared 
flasks and evaporated free of solvent on a steam heated hot 
plat^. At t^e end of the esctraotion experiment the remain­
ing liquid was drained from the extractor, and the flake 
sample transferred to a i^tt type extractor where the re­
sidual oil was removed, using the drained liquid as part of 
the extracting solvent. 
fhe analytical methods used and the method of deter­
mining the average flake thickness are described in detail 
in Appendix A. 
Eesuits 
objective of these investigations was to study the 
effects of the main extraction vs^iables on the "residual 
extractables"31 in the extracted flakes. 1?he data obtained 
from these experiments are te^ulated in tables 14 and 15 
and are plotted on Figures 5 and 4. 
^Besidual extractables are those materials which can be 
extracted from the flakes by boiling trichloroethylene. 
Tabl© lit 
Ixtoaction ©f oH hy 
fr<m Flakes ©f failoos fhi^aess® 
Sstmstion 
sin* Bsr e®iit i^siiiiatl «^raetabl®s^ 
Flak® toi€to®88# yif0 
8.00 8.30 8.50 8.90 9.70 lo.uo 10.80 II.I43 13.15 II4.I4O l5»5o 
0® 38.10 38.10 38.10 3S.10 38.10 38.10 38.10 38.10 38.10 38.10 38.10 
5 6,32 7.13 6.II2 7.10 9.59 8.51 9.25 17.37 I6M 17.32 19.Ui 
10 lt.26 U.63 k.$k 5.96 6.13 5.80 5.85 8.09 8.77 9.69 11.01 
20 3.20 3.liO 3.38 3.79 U.o6 3.8k k.20 li.55 5.28 6.05 6.38 
30 2.6li 2.87 2.82 3.15 3.19 3.07 3.ii7 3.i»8 U.09 lt.63 U.81 
ko 2.2$ 2,31* 2.40 2.65 2.65 2.57 2.89 2.90 3.JlO 3.88 3.93 
$0 1.^8 1.98 2.03 2.20 2*15 2.27 2,kO 2.58 2.99 3.22 3.1^2 
60 1.71 1.63 1.69 1.75 1.83 2.06 2.0lt 2.29 2.69 2.77 3.05 
Per cent 
moisture 6.56 7.2U 6.36 7.00 6.56 6.OI4 6.52 8.18 9M 9.32 8.38 
in flukes 
^akes produced frc® the saiae batch of cottomeed aeats and only the flakes 
tlfler screen used in the exj^ rii^ nts, Extraction t«iperature of llO'^ . 
^Moistaire firee basis, 
^Average value of toe extractables in the seat» before flaking. 
held on an 8-<fi3sh 
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Table 15 
Eates of Oil Sxtraoted by Trlohloroetliylene 
from Cottonseed Flakes at Various Temperatures^ 
(Sn?) cent residual extraotables^ 
Ixtraotion temperature, «»F 
110 154 
0® 38.10 38.10 
, 
38.10 38.10 
5 2S,71 19.14 IS. 28 14.27 
10 14.76 11.01 8.30 8.05 
go 9.32 6.38 4.71 4.66 
SO 7.16 4.81 3.61 3.49 
40 6.03 3.93 3.03 2.88 
50 5.17 3.42 2.79 2.47 
60 4.68 3.05 2.69 2.09 
^Flakes produced from the same batch of cottonseed meats 
a33d only the flakes held on an 8-mesh Tyler screen used in 
the experiments. Flake thickness 0.015& Inches. 
Moisture free basis. 
Average value of the extractables in the meats before 
flaking. 
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Sinoa a large sol'^ent-to-extraotable oil ratio was used 
in thase exparimdnts» the ooncentratlon of extraotablos in 
the misoella wan nsgligiljie at all times; the maximum aver­
aging 0.E4 per cent in the misoella eollected during the 
first five mimites. For this reason, it is possible to as­
sume that there was no effeot of oil ocmoentration in the 
extraoting solvent on the rate of extraction or on the re­
sidual extractablee. However, this large ratio prevented a 
study of the effeet of misoella oonoentration of the resid-
usPL extraotables, sinoe the amount of oil extraoted would 
have l^en insl^aifioantl^ small in oomparison to the oil 
originally in the extracting solvent. Bxperiments were run 
to determine the effects of meat size and flake screen an­
alysis on the extraction rate, but the results were incon­
clusive. 
!rhe general shape of a plot of extractlcxn time versus 
per cent residual extractables for the various experiments 
gives a typical extrs^tion rate curve for flaked oilseeds. 
For the first 15 to ZO minutes there is a rapid extraction 
rate period, followed by a slow extraction rate period in 
the last 40 minutes. 
fhe data as plotted on Figure 3 indicate the per cent 
residual extractables will vary directly with the average 
flake thickness to some power. A general equation expres­
sing this variation, for any extracticm time, can be written: 
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E « Ja(b)* (1) 
1 is pep cent resiaual extraotables 
b Is average flaice thiolmess, imhes XIO^ 
n azid X are oonstants for mssy ex-l^raotlon time 
Thm effeet of the extraotion temperature oxi the per 
oent residual extraotables is shown by the data plotted on 
Figure 4, whioh shows that the residual extraotables will 
vary with ths inverse of the extraotion temperature to some 
power. A general equation expressing this variation, for 
extraotion time, can be written as: 
The values of the oonstants (x) and (y) can be deter­
mined from the slopes of the straight lines drawn through 
the data plotted on Figures 5 and 4. These values are tabu^ 
lated, for various extraotion times, in ^ e^le 16. 
E (8) 
where. 
H is per oent residual extraotables 
*f is extraction temperature, 
m and y are constants for any extraction time 
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Tatole 16 
Variation of x and y of l^uations 1 and Z 
with Sxtraotion Time 
Extraction time 
(minutes) 
(x) (y) 
10 1.79 0.68 
20 1.00 0.96 
30 0.92 0.97 
40 0.87 0.97 
§0 0.92 0.87 
60 0.96 0.85 
IHiring tiae first 30 minutes of extraoticm time, the in-
orease in the value of (y) and decrease in (x) indicates 
that the effects of these two variables upon the rate of 
extraction decreases over this time period. For the 20 to 
60 minute ejctraction period, the values of (x) and (y) are 
fairly constant, averaging 0.93 and 0.92 respectively. This 
latter time period is of most importance, since commercial 
extraction times are around 20 to 30 minutes. Assuming that 
diffusion is the controlling factor in the 0 to 20 minute 
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period and solubility of the extraot in the 20 to 60 minute 
period, these data indicate that the extraction temperature 
has more effect upon the diffusion ooeffioient than upon the 
soluhility of the extract. 
iymold and Fatel (8), using the same apparatus« found 
the moi8tuzN» content of cottonseed flakes has very little 
effect on the extraction rate of the oil by triohloroethyl-
ene. 
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3PILOT ¥Lm^  BCflACTIOH IHVBS^CIOASIOM 
Btt® to til® inability to duplioato plant operating con­
ditions in rate extraction experiments, a small pilot plant» 
siailar in design to the ooioiBeroial extraction unit, was de­
signed and built to study the adaptability of the process to 
ct^tonseed extraction. Ttm rate extraction experiments showed 
that adequate solTent penetration of the flake bed oould be 
expected and that l&e main extraction variables would be ex-
V 
traction time, extraction temperature and flake thickness. 
A study of the effects of these variables and others was 
planned to determine optimum operating conditions. 
Materials 
Solvent 
The solvent used was extraction grade trichloroethylene 
purchased from M. 1. Dupont deHemours and Company. The sol­
vent had a normal boiling point of 188®F. 
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Th© oottonseeds used were prime, delinted seeds pur-
ohased from Swift and Company in Hofember, 1952. The seeds 
were stored, in multi«>wall paper bags, in an unheated build­
ing to prevent exoessive deoomposition and free fatty acid 
forffiation. 
Equipment 
Flake preparation eauiment 
The flake preparation equipment oonsisted of essentially 
the same apparatus as was used in the rate extraction experi­
ments, the only ohange being the installation of a hull sep-
ar^or on the flaking rolls. Sinoe the flaked meats, due to 
their oily surface, had a tendency to adhere to the rolls 
longer than the non-oily hulls, the assembly was very effi­
cient in effecting this separation, when pro|)erly adjusted. 
Pilot plaoit counter-current extractor 
Details of the pilot plant extraction unit are shown in 
Figures 5, 6 and 7. The extractor proper oonsisted of a con­
tinuous loop conduit through which a special redler type 
chain conveyor carried the flaked oilseeds. The chain con­
sisted of E4.75 feet of standard Ho. 35 roller chain with 
semi-circular flights, 1 15/16 inches in diameter, attached 
View of Pilot Plant Extraction Unit 
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Figure 6. Detail of Conveyor Chain. 
Flake Feed 
Desolventizer No. 
Desolventizer No. 2 
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Flakes Solvent 
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00 
Figure 7. Flow Sheet of the Pilot Plant Extractor. 
59 
to th© chain, every three Inches by means of K-1 attachment 
links. The loop conduit enclosing the chain conveyor was 
fabricated of 2-inch diameter pipe, Interspaced with four 
Fyrex glass pip© sections to permit inspection of the ex­
traction process at various points in the extractor. The 
glass pipe seoticm on the lower horizontal length of the 
loop was replaced, after preliminary experiments, with a 
steel section to permit thermocouple installation. A six 
foot secticm of the loop, along the upper horizontal length, 
was 4aoJs:©ted with a 3-inch pipe which formed the first or 
Ho. 1 meal desolventizer. The lower part of the loop con­
duit, starting one foot from the drive sprocket box and end­
ing on® foot from the idler pulley box, was wrapped with 
three 50-foot lengths of Ho. 20, asbestos covered, Chromel-A 
resistance wire, Sach of the heating circuits had a resis­
tance of 50 ohms, and was connected to a 7 l/B ampere, 116 
volt variable transformer, which, when properly adjusted, 
enabled isothermal extracticms to be carried out at any de­
sired temperature. Immediately to the left of the Ho. 1 meal 
desolventizer, a meal discharge box, fitted with a chain 
cleaning device, was provided to allow space for the meal to 
fall from the chain. This cleaning device consisted of a 
splitter plate to disintegrate the flake bed and a 1 1/2-
inch diameter brush, attached to the trailing edge of the 
60 
splitter plate, to remove raeal sticking to the inside of the 
flights and the ohain. 
The meal fell directly from the discharge box to the 
Ho. Z meal desolventizer and from there to the Ho. 3 meal de-
solYentizer, frcmi which it was discharged to 10-gallon col­
lecting cans, fhe Ho. 2 and 3 meal desolventizers consisted 
of Z l/S^inch pipes fitted with steam jackets made of 4-inoh 
pipe. Specially coMtructed, spiral ribbon conveyors, oper­
ating at 15 rpm thrcmgh a chain and bevel gear drive from 
the main drive speed reducer, moved the extracted meal 
through these two desolventizers. The conveyor operating 
in the Mo. Z desolventizer was eight inches shorter than the 
pipe housing and had a 13-inch solid screw conveyor section 
on the end, which permitted formation of a plug of meal at 
the discharge opening, preventing loss of solvent vapors at 
this point. The three meal desolventizers were insulated 
with l-inch magnesia pipe insulation and the connecting 
chutes were covered with approximately one inch of asbestos 
fiber insulation. Substitution of a resistance wire heated 
pipe for the Ho. 3, steam heated, meal desolventizer was 
made in some experiments, which permitted operations at 
temperatures above those obtainable with steam heating. The 
resistance wire heating elements consisted of two 50-foot 
lengths of Ho, go, asbestos covered, Chromel-A wire wrapped 
around the pipe, the turns being one-half inch apart, lach 
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of the heatiisg circuits had a reslstaaaoe of 30 olms, and 
was oomieoted to a 280 volt carbon pile rheostat which en­
abled temperature control. Water cooled condensers were 
c<mnect@d at the meal Inlet points of the No. 2 and S de-
solventlzers to condense the solvent and water vaporized In 
these sections; the condensate being collected in 5-gallon 
tanks. The recovered solvent was separated from the water 
in a separatory funnel and returned to the solvent supply 
tank as makeup solvent. A small air ejector was used to 
obtain three to four inohes of water vacuum in the desol-
ventizlng system which prevented solvent vapors from leaking 
out of the unit at the various openings and particularly 
prevented condensation of the vapors in the flake feed box 
which would cause bridging of the flakes at this point. 
1?he main drive consisted of a one horsepower, 220 volt, 
870 rpm, electric motor connected through a speed reducer 
and Ko. 40 roller chain drive reduction system to the con­
veyor chain drive sprocket. Variation in the chain speed, 
and thus the extraction time, was obtained by changing the 
roller chain sprocket on the speed reducer. 
Solvent entered the extractor loop between the two 
glass sections on the right hand leg of the loop, through 
a solvent heater and rotameter. The heating medium used 
was hot water, produced by mixing steam and water at the 
shell side inlet in the proper proportions to give the de­
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sired solvent temperature. When operating under steady flow 
conditions, the flakes were iaaaersed in the solyent for 98 
inches of the extractor length, with 12 inches of drainage 
length t>elow the solvent inlet and 24 inches above. The 
final aisoella overflowed through an enclosed screen dis­
charge located in the left hand leg of the loop Just below 
the glass section. A hydrometer well, located in a by-pass 
line of the iiaain aisoella line, permitted specific gravity 
readings to be taken on the overflow miscella. The mis-
cella was collected in a 5-gallon drum and, from there, was 
pumped through a small plate and fra^ae filter and finally 
collected in 1-gallon glass storage bottles. An auxiliary 
solvent rate measuring device, not shown in Figure 5, was 
used to measure solvent flow rates more accurately than the 
rotameter peraitted. This apparatus consisted of a weigh 
tank mounted on a Toledo Dial Scale and connected to the 
piimp inlet with flexible Tygon tubing. The solvent was 
pumped from this tank to a constant head tank above the ex­
traction unit and, from there, flowed by gravity through the 
rotameter and solvent heater to the extractor. An overflow 
line on the constant head tank returned excess solvent to 
the weigh tank through a section of flexible Tygon tubing. 
The solvent overflow from the constant head tank was kept 
to a minimum by adjusting a needle valve in the pump dis­
charge line. 
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Figure 7 gives the looatlon of the various temperature 
and pressure measuring instruments. Dial thermometers were 
used at temperature measuring stations 11, 12, 13 and 16, 
while oopper-oonstantan thermocouples, connected to a 20-
point selector switch and a Leeds and Northrup portable po-
tentiometer« were used at the remainder of the stations. 
Bourdcoi dial gauges were used for pressure measurements on 
the steam Jackets of the three meal desolventizers. A 10 
amj^re ammeter was connected in the main drive motor clTOuit 
and, bj means of selector switches, a second ammeter was used 
to me^ure the amperes in the extractor loop heating cir­
cuits. A Westinghouse TA Industrial Analyzer was used to 
measure the amperes in the Ho. 3 meal desolventizer heating 
element circuits. 
Pilot Plant oil desolventizer 
Details of the oil desolventizlng equipment are given 
in Figures S and 9. The main components are a climbing film 
evaporator and a packed, steam stripping column. The unit 
was designed for continuous operation under vacuums up to 
S5 inches of mercury. 
The evaporator consisted of a 5/8-inch pipe, six feet 
long, wrapped with two lengths of No. EO, susbestos covered, 
Chromel-A resistance wire of 30 ohms resistance each. The 
bottom 12 inches of the pipe were wrapped with one of the 
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Figure 8. View of Pilot Plant Oil Desolventlzing Unit, 
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Figure 9. Flow Sheet of the Pilot Plant Oil Desolventizer. 
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heatiiag elements to give a conoentratlon of ]ieat for preheat­
ing the ailscella apoi for initial vaporization of the solvent; 
the second heating element was wrapped over the remaining 
five feet of the pipe to superheat the liquid and vapor as 
they traveled up the pipe. The heating was controlled with 
7 1/2 ampere, 115 volt variahle transformers, which were 
connected to each of the heating elements. The filtered 
miscella was metered to the evaporator supply leg through 
a rotaroter, which controlled the flow rate of liquid through 
the entire deeolventlzing system. The supply leg and the 
bottom of the evaporator formed a U-tube, giving a constant 
level of misoella in the evaporator during the experiments. 
As the solvent vaporized, slugs of miscella were carried up 
the tube by the vaporized solvent. 
The liquid and vapor mixture discharged into a flash 
tank from the evaporator where additional solvent vaporized 
due to the superheated condition of the miscella. A steam 
bayoi^t-type heater was installed in this tank to keep the 
miscella at the boiling point of an 80 per cent oil-
trichloroethylene solution at the pressure of the system. 
The concentrated miscella flowed, by gravity, from the flash 
tank through a sampling bulb and pre-heater to the packed 
stripping column. The solvent vapors were drawn off through 
a water cooled condenser and the condensate collected in a 
5-gallon tank. 
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1?h© steam stripping oolumn was made of three sections 
of standard g-lnoh glass pipe fitted with tapered, ground 
conneetlons. The assemMy was five feet long and was packed 
with a four foot bed of l/E-lnoh Berl saddles. The column 
was heated hy two 50 ohm. Ho. 20 Chromel-A resistance wire 
wrappiaags connected to 7 l/E ampere, 115 volt Tariable trans-
foraers. Stripping steam was generated, from distilled 
water, in a steaa heated pipe still and superheated in a 
1/4-inch pipe wrapped with a 50 ohm, No. 2Q asbestos covered, 
Chromel-A resistance wire heating element connected to a 
7 1/2 ampere, 115 volt variable transformer. The steam rate 
was controlled by metering the water through a rotameter 
before it entered the steam generator. The stripping stream 
entered the column below the packed bed and above the oil 
collecting sump at the bottom of the column, and, together 
with the vaporized solvent, passed through an entrainment 
separator at the top of the ooluisn. The vapors were then 
condensed in a water cooled condenser and the condensate col­
lected in a 5-gallon receiver. The concentrated miscella 
entered the column six inches below the top of the packed 
bed which pi^vented excessive foaming. The steam stripped, 
solvent free oil was removed from the oil sump through a 
three-way stopcock and flowed to either of two 1-liter, col­
lecting flasks fitted with bottom drains and two-way stop-
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oooks at th® top for either venting to the atmosphere or 
evacuation of the flasks. 
A water-jet ejeotor oomieoted to the condensate re­
ceivers of the evaporator and stripping column condensers 
provided the desired vacuum, gidjustment being accomplished 
by air bleed-in valves located in the vacuum lead lines to 
the unit. 
Figure 9 is a schematic drawing of the oil desolven-
tizlng unit, showing the various temperature and pressure 
measuring stations. Pial thermometers and mercury in glass 
thersometers were used for temperature measurements and mer­
cury manometers for pressure measurements. 
Procedure 
JBxperlmental counter-current extractions were carried 
out to study the effect of the extraction veui^iables on the 
residual extractables in the meal, the oil quality in terms 
of refining loss and color, and the meal quality in terras of 
gossypol and protein content. The experiments were divided 
into "series", in each of which the purpose was to study the 
effect of one of the extraction variables. £aoh series was 
subdivided into a number of runs in which the effects of the 
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variable under oonslderation were studied over a wide range, 
1?he variables considered were; 
1. oil concentration in the miscella 
2. extraction temperature ^  
5. flake thickness 
4. extraction time ^ 
5. average neat diameter 
6. moisture content of the flakes 
7. heating of the meats prior to flaking. 
The extracted flakes and miscella obtained from these experi­
ments on the effects of extraction variables were desolven-
tissed under various conditions to determine the effect of 
processing conditions on the meal and oil quality. 
$he general operational procedure for all runs was es­
sentially the same, consisting of three steps: preparation 
of the flakes, extraction of the flakes, and desolventizing 
of the oil. 
Cottonseeds were dehulled and the majority of the hulls 
separated from the meats which were then thoroughly mixed 
to insure uniformity and flaked, after being heated in the 
tempering screw for five minutes. Besldual hulls, not re­
moved in the meat preparation step, were removed during the 
flaking operation with the special separator assembly. In 
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the flaklBg operation attempts were made to produce the same 
thlotawsss of flakes for all series; however, due to variation 
in the meat size between the series this was not achieved. 
Prior to the start of the aotual extraction, a wann-up 
period was required during which the desolventizers and ex­
tractor loop were brought up to the desired operating tem­
peratures. After this period, the extractor conveyor was 
started the feeding of fleJses and solvent started. The 
starting times for feedii^ the flakes and solvent were ad-
Justed BO that ffliscella started to flow from the unit at 
the same time the first extracted flakes were being conveyed 
out of the solvent, fhe feed rate of the flakes was mea­
sured by recording the time required to feed four pounds of 
flakes. Approximately two hours after the feeding of flakes 
began, the unit was brought to steady state conditions of 
temperature and miscella concentration. The miscella con-
oentraticm, as determii^d by specific gravity readings on 
the overflow miscella, was used as the basis for determining 
whether steady state conditions were reached. Once this was 
accomplished, data were recorded and samples taken every 
one-half hour. The length of the individueil runs varied, 
being governed by the fact that at least two gallons of mis­
cella were needed to yield an oil sample large enough for a 
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complete analysis. The average operating time at steady 
state conditions was 2 1/2 hours, during which time four 
sets of data wex^ taken and four sets of samples collected. 
l?he samples obtained from one point tmre mixed to give a 
composite sample for the znin. Samples were taken of the 
following stresms: 
1. flakes as fed to the unit 
E. extracted meal entering the No. 1 desolventizer 
3, meal discharged from the No, 1 desolventizer 
4. meal discharged from -^e Ho. 2 desolventizer 
&. meal disclmrged from the No. 5 desolventizer 
6. overflow mlscella from the extractor. 
At the end of one mn in a particular series, the con­
ditions of the next run were set and the entire luiit again 
allowed to come to steady state conditions, after which the 
sampling and data collection processes were repeated. The 
total time required for a series of runs varied, with the 
number of individual runs, from 10 to 16 hours. After each 
series of runs were completed the unit was emptied of sol­
vent and solids and cleaaaed externally and internally in 
preparation for the next series of runs. 
Oil desolventizing 
As in the extraction procedure, an equipment warm-up 
period was required during which the stripping column was 
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brought up to temperature with the resietanoe wire heatiaig 
elements and hj passing steam through the packing at atmos­
pheric pressure. After the bed temperatures reached 812®F, 
the ooluEsa pressure was gradually reduced and when the 
coluiBn was at the desired operating conditions and the 
stripping steam was entering with the correct amount of 
superheat, the heating elements on the evaporator were en­
ergized and the pressure ad^Justed. Miscella was then fed 
to the unit at a rate which would give 10 to 15 grams of 
desolventized oil per minute. The oil was collected in the 
rear oil oolleotor until the entire unit was operating at 
the desired temperatures and pressures» at which time the 
flow switched to the front oolleotor and operations con­
tinued until enough oil had been collected for the analyti­
cal requirements, at which time the flow of oil was switched 
back to the rear collector, Miscella from the next extrac­
tion run was then fed to the unit and one-half hour allowed 
for the oil from the previous run to be completely dis­
charged from the unit. During this time the oil was drained 
from the front collector and set aside in a stoppered flask. 
If for some reason the temperature at any point in the proc­
ess exceeded the maximum allowable, the oil flow was 
switched to the rear oolleotor tmtil the oil subjected to 
this excessive tei^erature was discharged from the unit. 
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DarXxig a run the temperatures and pressures were xe~ 
oorded every 15 minutes and one sample of tiie oonoentrated 
mlsoella taken from the sampling t>ull> below the flash tank. 
Slnoe approximately 600 grams of oil were required for an 
analysis, eaoh run required about 40 minutes for the actual 
oil oolleoting plus 30 minutes for the change over from one 
run to the next. 
The entire unit was flushed thoroughly with oil-free 
trichloroethylene after the runs were finished to insure 
complete removal of all oil. This was necessary to prevent 
residual oil from oxidissing in the equipment and darkening 
the color of the oil processed in subsequent experiments. 
Analytical methods, flake thicknesses determination, 
and average meat diameter determination are described in de­
tail in Appendix A. 
Besults 
The results of the investigations carried out to deter­
mine the adaptability of the process and the effects of tdie 
variables on the quality of the products are tabulated in 
Tables 17 to 32 inclusive. 
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Sixloe it was found Impraotloal to attempt to carry out 
the experiments under conditions of constant miscella con­
centration, corrected values of the trichloroethylene re­
sidual extractables are also tabulated, the corrections be­
ing made using the relation found in the first series of 
runs in which the only variable was miscella concentration. 
In addition* corrections were made to a portion of the data 
to account for varying flake thickness. 
According to Wingard and Phillips (54) the amount of 
extractable material contained in axiy type of oilseed is 
dependent upon the solvent used; therefore, the residual ex-
tractables contained in the extracted meal was determined 
both with trichloroethylene and commercial hexane* The 
term »per cent residual extraotables" is used to designate 
material extractable by trichloroethylene and "per cent re­
sidual oil** to designate material extractable by commercial 
hexane. 1?he per cent residual oil Is the official standard 
set up by the industry; however, the per cent residual ex-
tractables shcmld give the true measure of extraction effi­
ciency and is used in the develojraent of the relations pre­
sented in the following sections. 
The flaked cottonseeds, as fed to the extraction unit, 
contained an average of 38.3 per cent extractables and 36.5 
per cent oil, on a moisture free basis. 
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gffeots of desolventizlng t©mt?erature 
on the oil quality 
Before the series of experiments were carried out the 
effect of the aisoella desolvent!zing temperature on the 
quality of the oil was studied. Lui (34) reported a temper­
ature of 160®F was the maximum allowable, but the oil he used 
was extracted from partially deteriorated cottonseed meats 
which may have had some effect upon his results. A batch of 
cottonseed oll-trichloroethylene miscella produced from prime 
seeds was processed in the pilot plant oil desolventizing 
unit at various temperatures* fhe resulting crude oil was 
refined and bleached and the products tested, giving the 
data tabulated in Table 17. 
Table 17 
Effects of Desolventizing Temperature 
on the Oil Quality® 
„»F 
ISO-160 170-180 200-210 240-250 
Free fatty acids, 1.01 1.10 1.00 1.07 
Eefi3aing loss, % 5.62 7.87 6.73 8.92 
A.O.C.S. color 
refined oil 4.31 7.24 10.56 18.72 
bleached oil 0.70 1.60 3.52 9.77 
®Crud© oil gossypol content of 1.7S per cent. 
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Sinoe th© upper color limits for a prime grade of refined and 
bleaohed oil are 7.60 and 3.50, reepeotlTely, these data show 
that the eottonseed oil quality is not adversely affected by 
proeesBing at temperatures of 180®P or lower. HoweTer, above 
these temperatures the quality of the oil decreases rapidly. 
Based on these data* it was decided to desolventize the mis-
cella produced is subsequent experiments at temperatures be­
low 180®F. The ratio of stripping steam to oil used in the 
stripping coliimn was set at 0.75 pounds of steam per poiind 
of oil. 
of 
Preliminary experiments on soy­
bean and cottonseed flake extraction indicated the concentra­
tion of oil in the overflow miscella would have an effect on 
the residual extractables in the meal. Sinoe it was found 
impractical to attempt to carry out a study of the other var­
iables under conditions of constant miscella concentration, 
due to the time required for adjustment, the effects of this 
extraction variable were studied first and, from the relation 
found, data of subsequent experiments corrected to a constant 
misoella concentration. Two series of puns were mad© in this 
study, one at 105®!? and the other at 122the data from 
these runs being tabulated in ^ fables 18 and 19. 
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fable 18 
Effects of Yaseying the Miscella Concentration® 
Miscella concentration^  ^  oil 
11.28 25.65 iil4.90 
l@si(Mal eitractat^ eSj, 2.60 3.16 5.36 
EesidiiaL oil, ^  1.58 1.89 U.05 
fr0& gossypol in 
©xferaeted flakes, 0.6lt 0.85 1.07 
Saitection in 
free gossypol, ^  6$,k 5U.6 U2.2 
Crude oil. 
free fatty acids, 1.00 0.77 0.62 
refiMjag loss, ^  6.70 5.10 14.50 
gossypol, ^  1.71 1.13 0.95 
iodine nttid»©r XX2 113 113 
A.O.C.S. oil colcr. 
refined oil ^•58 5.03 It. 93 
bleached oil 1.51 1.09 0.57 
M^ia to all nmst 
aT^ raga aeat diameter^  liiches 0.0810 
airerage flake thlokneas^  inches 0.0110 
esKtraction tiai®, adimtee 2$,$ 
extraction te:i^ ratiir©, ®F 103 
flak@ aoisttJT® content$ 6»03 
seat te^ perattir© befwpe flaking, °7 1$5 
free gosaj^ l in fl«ices, ^  1,85 
oil tei^ eratxire <iuring de« 
solventiming, ®F 170-180 
Moisture free basis. 
°ll0ist«r© and oil fi^ e basis. 
fabl® 
of IssjiMg 
Useella % dll 
extractaSales. 
trichlGirQethyl®!!® 1.9$ 2.07 a.l6 2.S1 2.$S 3.05 
cOTfflercial hsj^ 1.30 l,k$ 1.52 1.76 1.?^ 2.20 
t^a ecraffi)a to all rmrnt 
mat aiz&, ioches 0.0820 
average flake tMeloi^ s O.QOLO^  
extz>^tdo2i tima, Mmtes 25*5 
exia:'actioii tei^ p^ attire, % 122 
flii:® Mdlstare conteat, % 6.73 
meat ts^ perature before flaking, ®F 155 
i^stiare fre« basis. 
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effect of mificella oonoentratlozi on the residual 
extraotaMes in the meal is given in Figure 10 for the two 
temperatures studied. These data indicate that misoella con­
centration has little effect on the residual extractables 
11 
at concentrations below 25 per cent, but the effect is ap-
preciable above this value. 
fh© miscellas obtained from the extraction runs at 1S2®P 
were mixed and used in the study of desolventizing tempera­
ture on the oil qusP.ity which was discussed previously. The 
oil obtained from the extraction runs at 105^F met the stand­
ards for prime oil in all oases. However, tibere was a ten­
dency for the oil quality indices to approach the upper 
limits for prime oil as the concentration of the oil in the 
misoella was decreased. 
Extraction temperature. The effect of extraction tem­
perature was the second variable studied, since the relation 
of this variable and the residual extractables would afford 
a means of checking the misoella concentraticm correction 
procedure. The data from this series of runs a^e tabulated 
in Table ZO, with the values of the residual extractables 
corrected for variation in misoella concentration being in­
cluded. The method used in correcting the residual extract­
ables for varying misoella concentration to a standard value 
of 20 per cent was to multiply the actual residual extract­
ables by the ratio of the residual extractables at 20 per 
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DATA CORRECTED TO 20% 
OIL  IN  THE MISCELLA 
^  ^  e (2 .62-0 .0137  T)  
where: 
R IS  RESIDUAL EXTRACTABLES,  % 
T  IS  EXTRACTION TEMPERATURE,  ®F.  
90  110  130  150  
EXTRACTION TEMPERATURE,  ®F.  
170  
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oent misoella to tb© residual extractables at the actual 
misoella oojioentratlon takeia from the 13S®F ourve of Figure 
10. 
A plot of the extraetion temperature Tersus the oor-
reoted residual extraotables is given in Figure 11, and, as-
sumizig the straight lizie drawn through the data is correct, 
the equation representing the temperature effect is: 
g ^ ^(2,623 - 0.0137 f) (gj 
Where, 
E is per cent residual extractables 
® is extraction temperature, ®F. 
Increasing the extraction temperature results in better ex­
traction which could be expected since the extracting solu­
tion is less iriscous which results in higher diffusion rates 
in the flakes and the solvent. 
To check the validity of the procedure used in correct­
ing the residual extractables for varying misoella concentra­
tion, residual extraotable values were taken from the 
ourve of Figure 10 and corrected to 122®F by applying equa­
tion 3. The resulting values were then checked with values 
taken from the curve at the same misoella concentra­
tion. This method, although using a relation developed from 
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oorreoted data to ©heck the validity of the oorreotion pro-
oedtire» was oonsidered aooeptahle sinoe the oorreotions were 
only in the range of three per cent, the results of these 
oaloulations, whioh are talsulated in Table 21, show that over 
the range of misoella eonoentrations to whioh the correction 
procedure was applied the agreement is satisfactory. 
fable 21 
Ccmpariscm of Actual and aorrected 
lesidual SKtractable Data 
Hiscella Eesidual extractables. loer oent 
o<moentration Actual Oorrected Actual OeTiation 
(per oent oil) ClOS®F) (103^F)a (122®JP) (per oent) 
10 2.§6 1.97 1.99 1.01 
15 2.6© 2.07 2.10 1.45 
20 2.8$ 2.22 2.22 0.00 
25 3.14 2.42 2.37 2.11 
27.© 3.30 2.54 2.46 3.25 
30 3,49 2.69 2.57 4.67 
m 3.98 3.07 2.82 8.86 
®€!orreot®d to 122®t by applying equation 3. 
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©ffeot of extraotion temperature on the free gossy-
pol and reduction in free gossypol in the extracted meal was 
considerable, as shown in Figiires 12 and 13. These plots 
show that the logarithm of the free gossypol content of the 
extracted flakes varies inversely with the extraction temper 
ature, while the per cent reduction in free gossypol content 
increases with the extraction tei^erature and approaches a 
limiting value at about ISO^F. The most commoi^y used com­
mercial method of x*eduoing the free gossypol content of the 
flakes is to *eook« the cottonseed meats prior to flaking. 
Gibbons (2S) reports that the reduction in free gossypol of 
the meats during the cooking process can be expressed mathe­
matically as: 
^ ^  - H« 10(0-0296 ® - 10-02) (4) 
Where, 
X is free gossypol in imcooked meats, per cent 
moisture and oil free 
Xq is free gossypol in cooked meats, per cent 
moisture and oil free 
e is cooking time, minutes 
T is cooking temperature, ®F 
H is initial moisture in meats, per cent. 
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A oomparlsoB of the oeoking method azid extraetlcm with tri-
ahlopo®ttoyl®ije for reduotion in the free gossypol content in 
the prooeiised oottonseed flakes is given in 7able 22, the 
oooking tisea heing oaleulated hj equation 4. 
Tahle 22 
Comparison of Meat Oooking and TriohXoroethyXene Extraction 
on the Beduotion of Free 0ossypol in Cottonseed^ 
Reduction in free gossypol. ^  
20 40 60 80 90 
Cooking time, minutes 
Cooking temperature 
2Z0 74.2 210 463 1095 2840 
250 9.6 27 60 141 366 
280 1.3 3.6 7.9 19 49 
Extraction temperature^ 
required to give equi­
valent reduction, ®F 82 93 109 134 166 
^Initial moisture of 6.56 per cent and free gossypol of 
1.69 per cent, moisture and oil free. 
^Extraction time of 28.5 mimtes. 
fhese data Illustrate that extraction with triohloroethylene 
is a much more effective process for reduction in the free 
gossypol, and does not require the high temperature heatizig 
the m^at cooking process does. Also, the time required for 
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the reduoticm of the free gossypol is less in aost oases for 
the extraoticm process than for the ooolcing process. 
fh© effect of extraction temperature on the oil quality 
is quite great and the data ii^cate that above 120 to 130®P 
the oil produced does not meet the requirements for a prime 
oil with a:*espect to color. The cause of the excess color of 
the refi£U8d and bleached oils produced at these high extrac­
tion teEBperatures is probably due to t^e increased amount of 
gossypol extracted, jaso, the color of the gossypol is pos­
sibly "fixed" to some extent by the higher extraction tem­
peratures and during the oil desolirentizing this "fixing" is 
contimed to the point at which the color cannot be removed 
during the refilling and bleaching operations. 
Extraction time. Extraction time determines the capac­
ity of an extractor of the design used in these experiments, 
since the flights are kept full of flakes and variation of 
the conveyor chain speed is used to change the extraction 
time. The results of the experiments carried out to study 
the effects of extraction time are tabulated in Table 23. 
The effect of extraction time on the capacity of the extrac­
tor is shorn by Figure 14, and this same figure shows the 
relative capacity of the unit when operating on soybean 
flakes and cottonseed flakes. At the present time the com­
mercial extraction plants of this type have a capacity of 
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f abl® 23 
Effects of farytug Sstraetion fim©* 
18.2 25.5 39.5 58.0 
Iteed rat®, lb. fl^ es/%our 13.52 9.32 6.1I4I U.73 
Eesidmal eactractables, ^  k.h6 3.10. 2.35 1.58 
lesidual oil, 3.02 2.88 1.65 1.29 
Free goasypol in 
extracted flakes, ^  0.52 0.50 0.30 0.28 
Redaction in 
tT@@ gosiQrpol, $ 7h»2 75.1 85.1 86.1 
Grade o£l, 
fr@& fatty acid«, % 
refiniiig loas, % 
goss3?pol, % 
0,90 
7.56 
1.92 
0.98 
7.80 
1.90 
l.Oli 
7.82 
2.11 
1.07 
7.82 
2.12 
A.O.C.S. color,*^  
refined oil 
bleaehed oil 
7.76 
5.05 
13.05 
U.86 
10.37 
5.6U 
15.02 
li.ii,6 
Miseella concentration,^  19.97 23.71 2U.O8 27.15 
aeoidttal ©actriujtables, ^  U.U6 3.26 2.2U l.lilj. 
®Bata oi»iBcm to all runst 
airerage mm&% ^ aiBet®r, tmims 0*0917 
average flake l^ ickaass. inches O.Olljl 
extraction teaperattsre,®? 122 
flake ttolsture content^  ^  6*03 
free goasjipol eoateot ia flakes, J5® 2#01 
»®at tejiperatiar® before flaking, °F 105 
oil tenperattire sJtariBg de-
aol^ entiaing, °W 170-180 
o^istta^  free basis. 
®Molst\ire and oil free basis. 
<%.scella from tl»ise runs vm stored one wb  ^before desolventizing 
which very liitoly caused the excessive oil colcs*. 
C^orrected to 20 per cent aiseella coneentration. 
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28 tons p®r day of soybean flakes with an extraction time of 
25 minutes. Based on the feed rates for the two materials 
in the pilot plant, the commercial plants would have a cot­
tonseed flake capacity of 50 tons per day with similar ex­
traction time. The reason for this incz^ased capacity is 
probably the greater bulk density of cottonseed flakes. 
The effect of extraction time on the residual extract-
ables is shown on Figure 15, the equation of the line drawn 
through the data plotted being: 
S « 70.5 ©-0-955 (gj 
where» 
@ is extreu»tion time, minutes. 
I^he misoella produced during these experiments was 
stored for one week before the solvent was removed from it 
and as a result the oil color was quite dark. Very likely 
the gossypol in the mlscella wi« oxidised ditring this stor­
age period which would explain this dark color. Since the 
free fatty acid content was no different thsost for these oils 
than for the oils obtained from mlscellas which had not been 
stored, it is apparent that there was no appreciable decom­
position of the triglycerides during the storage. 
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Flake thlelcnesg and m®mt diameter. Froduotlon of two or 
more batches of flakes of a given flake thlokness distribu­
tion was not possible and for this reason the effects of meat 
diameter on the residual extraotables oould not be determined 
slnoe flake thldmess also varied within the runs. The com­
bined effects of the two, flake thickness and meat diameter, 
was therefore studied, fwo series of experiments were made 
In this study; cme In which the flake thickness varied and 
the meat diameter was constant, and the other in which both 
meat diameter and flake thickness varied. Ifhe results of the 
experiments are tabulated in tables 84 and 2&. 
Tim data tabulated in Table S4 give ^e effects of flake 
thickness on the residual extractables and a plot of these 
data, as given in Figure 16, shows that the relation can be 
expressed as: 
B • 0.0132 ba (6) 
where, 
b is average flake thickness, inches X 10». 
The equation expressing the rate of extractKm of oil from 
porous plates, as developed by Boucher and co-workers (12), 
indicates that the rate should vary inversely with the square 
of thickness of titm particles being extracted, provided all 
particles have the same thickness. Althou|^ the thicknesses 
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fabU Zk 
Effect® of Tarylng flake 'fhlckneas® 
Average flake thickness^  iHchea 
o.cnli3 o.ca38 o»oi58 ©•ois? 0.0211 
lesMtial eaetractables, 1.91 2.10^  3.28 h»91 6.07 
Eesittual oil, 1.12 I.I4O 2.1? 3.70 U.6I 
free goss3?pol in 
extracted flakes, ^  0,3k 0,39 O.I48 0.59 0.63 
ledttction in 
free gosesrpol, $ 83.2 80.7 75.2 70.8 68.7 
liscella coiwentration, % 21.31 19*83 21.70 22.65 20.10 
lesidaal ©xtr««stables, 1.88 S.Ut 3.22 It.7U 6.07 
%ata comon to all mi^ i 
wrerage »eat diaaeter, inches 0.113lt 
extractioa tijae, i^ imtes 25.5 
eactraeticm tesiwature, 122 
flak® aoisttire conteiat, % 6.67 
free goss^ pol ©owtent ±n Hak&B, 2.02 
seat traperatimi befwe flawing, ®F 155 
%oistijr® free basis. 
®loiattir@ aaad oil ^ ee basis. 
*%orr®cte<i to 20 per cent aiscella coiMentration. 
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tsitolm 25 
of farytng flake thtclmsas and Meat Diaia®t«r® 
ATera^  Eoeat dias^ ter. inches 
0,0777 0.1128 0,lia6 
lesidtaal «xfcractabl®s, 2.lil 2.60 2.76 
B®®idiial oil, ^  1.65 1.79 2.03 
frm gosBjrpol in 
©xtracted jQA®s, 0,36 0,38 0,lt3 
Beduction in 
irme gossypol* % 81.1 80.0 77.14 
Average flak® thiekness, inches 0.0117 0.0138 0.0165 
|Q.8cella concentration, % 19.39 20.06 18.75 
lesidaal exfcriMatables, 2.1*1 2.60 2.82 
D^ata cQwrnn to all rtmst 
extraction tiae, adimtcB 25.5 
©SEtractioa teii^ >®ratiar®,% 122 
flak® aoistur® content, % 5«95 
frs© gossjrpol. content in fliOces, 1,90 
l^oiattir® free basis# 
l^oisttir® and oil free biu#is» 
Corrected to 20 per cent misoella ooncexxtration. 
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FIGURE 16 .  VARIAT ION OF  RESIDUAL EXTRACTABLES 
WITH AVERAGE FLAKE THICKNESS.  
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used in developixig equation 6 wez*e average values, there ap­
pears to be some theoretical signifioanoe to equation 6 
sinoe the residual extraotables were found to vary with the 
thiokness squared. 
Aooording to the reports of various investigators there 
is very little rupturing of the oil cells during the flaking 
operation, thus any increase in rate of extraction due to 
flaking of larger sized meats is probably caused by the in­
crease in surface area. It is possible to develop a rela­
tion escpressing the ratio of the area of a flake to the area 
of the meat particle from which it was formed, in terms of 
the meat dis^eter and the flake thickness, by assuming that 
the following conditions hold: the meats are not broken 
during flaking, the flakes foraed are circular plates with 
negligible edge area, and the meats are spherical. Assuming 
these conditions, the area ratio between the flakes and 
meats is: 
Area Eatio » 2/6 Bm (7) 
b 
where. 
O Q is average meat diameter 
b is average flake thickness 
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Sixi6@ it was found in the study of flake thiokness that the 
residual extraotables vary as the thiokness squared, and 
sinoe the larger the surface area, the better the extraction 
should he, the following relation was assumed; 
R « f(b) n 
3s 
b 
or 
B - o-^ . (8) 
ITsing the data from those experiments in whieh the only vari­
ables were misoella oonoentration, flake thickness and meat 
diameter, and correcting the residual extractables for vary­
ing miscellm concentrations to a value of 20 per cent concen­
tration, the assumed relation was checked by plotting the 
product of the residual extractables and meat diameter 
against the flake thickness on logsrithmic graph paper. The 
data used in this plot is tabulated in ^ able 26 and the ac­
tual plot is given in Figure 17. 1?he slope of the line drawn 
through these data on Figure 17 is 2.00 and the intercept 
0.001©3, so equation 8 can be written asi 
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table E6 
Data Used to Oevelop Iquatlcm 9 
Source of data 
( • i J a b l ©  m . )  m  %  b la.XlOs Dm In. 
24 1.88 11.3 0.1134 0.213 
E4 2.56 13.8 0.1134 0.290 
24 5.20 lg.8 0.1134 0.363 
24 4.72 18.7 0.1134 0.535 
24 6.07 21.1 0.1134 0.688 
26 2.41 11.7 0.0777 0.188 
25 2.60 13.8 0.1171 0.293 
25 2.81 16.5 0.1460 0.410 
20 2.74 13.3 0.0970 0.266 
23 3.26 14.1 0.0917 0.299 
®Gorreot«d to 80 per oent mlbo©11a oonoentratlon. 
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1 « 0.00163 (9) 
E « 0.00153 (b) —^ (10) 
Sine# it has already beem found that, with constant meat diaiQo 
eter, the residual extraetables Tary direotly with the flake 
thiokness squared, equation (9) is the logical form of the 
relation. 
Beat heating prior to flaking. A certain amount of heat­
ing of the meats is desirable before they are flaked and since 
this heating tends to make the meats more plastic, they will 
undergo the flaking operation with less disintegration. In 
preliminary experiments, it was found that very good flakes 
could be produced frc»a meats that had been heated to only 
150®F, and this value was used in most experiments. The ef­
fects of heating the meats to higher temperatures upon the 
extraction and products were studied and the results are 
tabulated in Table 27. 
The effect of discharge temperature of the meats upon 
the residual extractables is shown by Figure 18, which in­
dicates that as the meat temperature is increased the re­
sidual extractables increase. These results are not in 
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fable 27 
Bffect of Varying th© f©Mp®pat«re of the Msats befox« Flaking* 
Heat teagnarattirej °F 
168 175 181 203 
leaidttal extractables, ^  1.78 1.86 1.85 2.1li. 
lesfidaal oil, ^  1.08 1.12 1.09 l.lO-
fvm gosaypol, 
flakes m fed 
extracted flakes 
1.87 
0.36 
1.98 
0.20 
1.73 
0.2U 
1.70 
0.32 
IsdfflBtion in 
free goatssrpolj % 83.3 90.7 8ii.2 85.2 
Grtide oil, 
free fattj acids, % 
refining lose, % 
go8»yp€^, % 
0.98 
7.86 
1.75 
0.99 
8.02 
1.95 
0.98 
8.10 
2.10 
1.00 
7.9U 
1.97 
A.O.O.S. color, 
refined oil 
bleiushed oil 
5.51 
3.39 
8.6U 
i4.22 
8.31 
3.52 
12.89 
2.65 
Flake moletux^ content, % 6.25 6.05 5.98 5.91 
Miscella concentration, % 21.98 21.28 16.75 16.89 
Average flake thickneas, inches 0.0106 0.0106 0.0106 0.0112 
lesidtiaO. eactractablea, ^  1.72 1.82 2.0U 2.16 
®Bata eosfflon to all. runst 
average meat diaiaeter. Inches 0.0930 
extraction tiiae, ujiiaites 25.5 
extraction t^aperatw©, % 122 
oil teiBiJeratwr® daring de-
solirentising, ®r 170-180 
M^oistws free basis. 
o^istiar© and oil free basis. 
Corrected to 20 peer cent fliiscella coi^entratlon and 0.0106 inch 
thick n^ @9. 
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a£;re®m®nt with present day praotioe, since meats are "cooked" 
prior to re@oTal of the oil on the assumption that this proc­
ess coagulates the proteins and decreases the -viscosity of 
the oil» as well as reducing the free gossypol content. 
!fhese assumptions are probably ture in the case of oil re­
moval by pressure a^thods; however, it is possible that the 
heating causes a change in the structure of the cell walls 
and m8:y:es them less permeable to the solvent. 
It is ^parent, also, that the heating increases the 
color of the oil, but has no appreciable effect upon the 
free fatty aeids or the refining loss. 
Flake moisture content. ®he work of Arnold and Patel 
(E) indicates that the moisture content of the flakes has 
very little effect upon the rate of extraction and the re­
sidual extractables in the meal. However, their experiments 
were carried out with large solvent to flake ratios so the 
concentration of oil in the miscella was negligible at all 
times. The results of experiments in which the effect of 
moisture content of the flakes was studied in the pilot plant 
extractor are tabulated in Table 28. 
A plot of residual extractables versus flake moisture 
content is given in Figure 19, indicatii^ that the residual 
extraotables increase as the flake moisture content is in­
creased. The reason for the discrepancy of these data and 
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Tabl# 28 
Effects of faiying Flake Moisture Content* 
flake aolsttME-e content« % 
8.6U 10.82 15.09 20.13 
Eeeit^ l extractablee, 2.9I4 i|..5ii 5.12 7.U2 
Eesidus^  oil, ^  2.19 3.92 U.57 6.65 
Free gossypc^ in 
extracted flakes, 0.39 1.16 0.90 0.73 
Sedttction in 
free gossypol, % 80.3 142.9 55.0 60.7 
Crude oil, 
free fatty acid^, % 
refining loss, % 
gossypol, % 
0.98 
8.10 
1.53 
1*03 
8.32 
1.26 
1.06 
10.98 
0.85 
1.12 
12. 2U 
0.98 
A.O.c.s. color, 
 ^ re.fin!iid oil 
bleached oil 
6.97 
2.89 1.30 1.19 
5.75 
1.60 
liscella concentration, % 25.90 25.25 28.20 19*lU 
krmr&^ e fXake thickness, inches 0.01U7 0.0139 0.0162 0.01u2 
lesidaal eactractables, ^  1.70 2.93 2.36 I).. 21 
0.0803 
25.5 
122 
1.97 
170-180 
"^ istur® free 'basis. 
®Moi»t«re and. oil free basis. 
Corrected to 20 per cent aiscella concentration and 0*0110 inch 
thick flakes. 
®Data cowon to all runss 
arerag® iE®at diaroter, inches 
extraction tiM, mlinites 
extraction tesperatare, ®F 
free goasypol in flakes, 
oil tes^Jeratiire during de-
solventlaing, ®F 
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that of Arnold Patel (2) may be that the ©xtraotijag sol-
Tent does not wet the higher moisture flakes as readily as 
the low moisture flakes due to the large amount of oil it 
oontains. If this were the case, the extraction rate would 
be reduced and the residual extraotables Increased. 
fiffect of residual extraotables on free 
gossypol eonteat of the extracted eieal 
l*h© reduction of free gossypol during the extraction 
process is apparently a funotion of the residual extraotables 
remaining in the extracted flakes, as is indicated by Figure 
20. Thm data used in preparing this plot are tabulated in 
Table 29, and were taken fro® experiments having similar ex­
tracting and flake preparation conditions. 
1?h© form of the relaticaa for extraction temperatures 
other thm 122®F is difficult to predict, since the reduc­
tion in free gossypol content is probably accomplished both 
by actual extraction of the gossypol and by oxidation of the 
free gossypol to the bound form. 
, ,|i:|.„^ h,j|,or9^ h^y 
extracted cottonseed meal 
The actual mechanism controlling the removal of solvent 
from extracted oilseeds has been studied by Burnet (15). He 
found that the solvent removal followed a typical drying 
pattern consisting of a constant-rate period of solvent re­
moval, a point of critical solvent content, and a falling 
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fable 39 
M'feot of Besidual Extraotables 
<m the Eeduotlm of Free Goeoypol® 
Souroe of 1!rlohloroetliylene fieduotlon In 
data residual extraotables free gossypol 
83  4.46 74.2 
3.41 76.1 
2.3§ 86.1 
1.S8 86.1 
a4 1.91 83.2 
2.44 80.7 
3.a@ 76.2 
4.©1 70.8 
6.07 68.7 
m a .41 81.1 
2.60 80.0 
2.76 77.4 
®BxtraotiQa temperature - lE2®t. 
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rate period of solvent removal. The rate of heat transfer 
to the solvent-wet flakes was the oontrolling factor in the 
rate of solvent removal. 1?he heat transfer coefficient be­
tween the flaices and the desolventizer walls increases with 
increased agitation, temperature, flake load per linear 
length of desolventizer and size of flakes used. For a spe­
cific lamterial being fed at a constant rate to a desolven-
tizing system, the temperature would be the oontrolling fac­
tor on the rate of solvent removal. Bumet (15) reports 
that the solvent is effectively removed from soybean meal 
at meal temperatures of 240 to 2&0®F and a process time of 
EO mimtes in the screw conveyor desolventizers. These con­
ditions should apply to cottonseed meal as well. 
Three important factors are to be considered in the de-
solventizing of cottonseed meal; solvent removal, free 
gossypol reduction, and conservation of the soluble protein 
fractions. An increase in processing temperature can be ex­
pected to increase both the rate of solvent removal and free 
gossypol Induction; however, it will also result in an in­
crease in the reduction of the soluble protein fractions. 
Since the meal is of little value if it contains solvent or 
free gossypol in excess of the toxic limits, processing con­
ditions must be suoh that these limits are not exceeded at 
the expense of the soluble protein content. 
IIE 
Sxp&rimdnts were oarrled out to determine the processing 
conditions required to reduce the free gossypol in the meal 
below the toxlo limit aiitd to s^dj the effects on the soluble 
protein fractions. 
The effects of Initial free gossypol content, heating 
time, meal tea^rature are shown by the data In Table 30. 
fhese data Indicate the reduction of free gossypol In the 
first deaolventlzer Is dependent largely upon the heatlxig 
time and that a reduction of about 45 per cent can be expec­
ted In this desolTentlzer with heating times of ZO minutes. 
With constant processl3^ times the meal temperature Is ap­
parently the main factor controlling the reduction of free 
gossypol In the second and third desolrentlzers. For a heat­
ing time of 13 1/Z minutes and with meal temperatures of 
about 250®F a reduction of about 30 per cent can be expected 
In the screw conveyor driers. Glbbcms (26) reports that 
heating extracted cottonseed flakes, In the absence of trl-
chloroethylene, under these conditions will give 18 per cent 
reduction, and for a heating time of 20 minutes will give 24 
per cent reduction. Assuming the effect of time is the same, 
a reduction of about 40 per cent in the free gossypol can be 
expected in the screw conveyor desolventlzers with meal tem­
peratures of 250®F and heating times of 20 minutes. 
f 30 
letoetioa of free (lossypol ia friohloroethyleae 
Extracted Cottimseed Flakes durliag OesolTentizizig 
BesolTen- Heatizig Steaii Meal free gossypol SeductlQE in 
tizer time pressure temperature enterii3g leairiiag free gossypol 
mlB. psig Oy % % 
1 19 20 168 1.42 0.77 46.7 
19 30 178 0.75 0.40 46.7 
19 40 132 0.47 0.23 61.1 
19 §0 191 0.30 0.16 46.7 
1 13.5 20 176 0.52 0.35 32.7 
19.0 20 168 0.50 0.26 50.0 
29.4 20 167 0.38 0.17 43.3 
43.2 20 174 0.28 0.15 46.4 
1 19 60 185 0.34 0.19 44.2 
19 50 182 0.39 0.22 43.7 
19 50 190 0.59 0.33 44.2 
19 60 189 0.63 0.36 42.9 
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Bft&Qtm of ij^yooessijafg oonditlong on 
ttie protein content of the meal 
A portion of th© data oolleoted on the distribution of 
protein in the various fractions is tabulated in Tables 31 
and 32. I^he effect of extraction temperature on the protein 
fractions is given by the data tabulated in Table 31, which 
indicates that the water soluble fraction will decrease with 
extraction temperature and the salt soluble fraction will in­
crease slightly. It is probable that a portion of the water 
soluble proteins are converted to salt soluble proteins and 
the reraainder are converted to the insoluble form. The glu-
telin fraction or tlwi fraction soluble in a 5% KOH water so­
lution is apparently unaffected by the extraction tempera­
ture. 
The water and salt soluble fractions are not affected by 
an increase in the temperature in the first desolventizer 
over the range of temperatures studied; however, the glutelin 
fracticm. increases with the temperature and after reaching a 
maximum at about 180®F decreases slightly as shown by the 
data in Table 5S. 
The distribution of the protein of the final meal into 
the various fracticois will be dependent on the processing 
conditions in the extractor as well as in the desolventizers, 
as was indicated previously. Average values of the various 
protein fractions as per cent of total protein are given be-
115 
Table 51 
MfeQt of Extraction l?eiiperature 
on Soluble Protein Fraotions® 
Protein fraotion i^r oent of total protein 
Extraction temperatuz^, ®F 
m 
fiaO soluble 28.3 26.3 17.6 
Q,Z^ mi soluble 51.3 54.2 58.5 
mm soluble 6.2 6.2 6.1 
®lxtra®tion temperature - 12E®F. 
Bxtraotion tias * 25.5 minutes. 
^able 32 
Sffeot of temperature on the Soluble Protein Fractions 
in the Bisoharge Meal of the First Desolventizer^ 
Protein fraction Per cent of total protein 
Meal discharge temperature. op 
168 180 185 
HaO soluble 22.7 20.8 19.5 19.7 
0.2^ EGl soluble 51.3 50.7 51.4 50.5 
5.Oil EOl soluble a . 3  15.8 14.4 13.3 
®Ejctra©tlon temperatuz^ - 122®F. 
Heating time - 19 minutes. 
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low, with the prooessing oondltions as Indicated. 
Total protein, ^  moisture and oil free 
Fraotion soluble in water 
Fraction solulile in a 0,Z% KCl solution 
Fraction soluble in a £0H solution 
frocessing conditions; 
Bxtraction 
time 
temperature 
Ho. 1 desolTentizer 
heating time 
meal temperature 
Mo. 2 and 3 desolventizers 
heating time 
meal temperature 
58.5jr 
14.8JC 
46.9jr 
12.8jg 
25.5 min. 
122®F 
19 min. 
IBOOF 
15.5 min. 
260OF 
M, 
Jkn equation expressing the residual extractables as a 
function of the extraction variables is desirable for esti­
mation of the extraction efficiency under various processing 
conditions and to check on the consistency of the data ob­
tained for the previously discussed experiments. However, it 
is very possible that variations in the growing conditions 
and storage conditions of the cottonseed will affect the 
physical properties of the seed which in turn will affect 
the relations of the residual extractables with the extrac-
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tlon variables. 
In the deTelo|Ment of the general equation, the vari­
able® oonsldered were flake thiokness, jaeat diameter, extrac­
tion time, mi see 11a concentration, and extraction tempera­
ture. The effects of these variables were studied under con­
ditions of constant values of flake moisture and meat tem­
perature before flaking, fhus the equation developed in this 
section will be limited in application to these values, 
namely, 6.60 per cent flake moisture and a meat temperature 
prior to flaking of 150®F. 
A correlation of the data from the experiments in which 
miscella concentration and extraction temperature were the 
main variables was carried out first; the values of the re­
sidual extractables in the temperature experiments being cor-
z^eted for different flake thiokness and nsat diameter by 
applying equation 9. Expressing the miscella concentration 
in terms of the kinematic viscosity and plotting the resid­
ual extractables versus this function gave a satisfactory 
correlation, fhe data used to develop this correlation is 
given in liable 33. A semi-logarithmic plot of residual ex­
tractables versus the kinematic viscosity of the overflow 
miscella is given on Jkgure 81. The data from the experi­
ments in which the extraction temperature was a constant 
gave parallel lines with a slope of 7.15; therefore, paral-
Table 33 
Data Used to Develop Iquatioia. 12 
Soiree of 
data 
Cf able Mo.) 
Eesidual 
ext*bles,^ 
Cf i )  
Hiseella 
ecm*tion.^ 
(X) 
Ixtraotion Einematic viscosity, 
ft.a/hr.^ 
(/j//o ) 
18 2.60 11.28 103 0.0249 
18 S.16 25.65 103 0.0497 
18 6.36 44.90 103 0.1251 
19 1.9S 9.48 122 0.0166 
19 2.07 13.64 122 0.0252 
19 2.16 19.70 122 0.0330 
19 2.51 28.92 122 0.0505 
19 2.55 29.91 122 0.0529 
19 3.06 38.76 122 0.0789 
20 3.9# 20.85 78 0.0461 
20 2.67^  22.05 105 0.0418 
20 2.30^  22.35 122 0.0374 
20 1.76® 25.90 139 0.0390 
20 1.35° 26.20 168 0.0326 
^aleulated by equatioz^ 14 and IS presented in Ap|:«ndix B. 
Corrected by equation 9 to give a feed material consistent with that used 
for obtaining the data given in Tables 18 and 19. 
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lei lines were drawn through the single points for the other 
temperatures. 1?he intercepts of these lines can be expressed 
by the equation 
Ln M » 1.969 - 0.0117 T (11) 
so the equation representing the data can be written as 
Ln E « 1.969 - 0.0117 T + 7.15 JJ //d 
or 
E - 7.16 '> . (12) 
1*he assumption was now made that the combined effect of 
the variables would be the product of their individual ef­
fect, which would give an equation of the form 
1 « ffi + n e(7.15yj/^ - 0.0117 T). (13) 
JJ @0.955 ' 
A plot of E versus lif- *" 0-0117 T) 
13^^0.965 
given on Figure and by using the o^thod of least squares 
the values of (n) and (m) in equation 13 were calculated as 
E6,000 and 0.0039, respectively. 1?he coefficient of correla­
tion for the line drawn on Figure 22 is 0.988. Since the 
value of (a), 0.0039, is small in comparison to the vs^.ues 
121 
(O 
UJ 
-I 
00 
< 
< 3 
O 
CO 
UJ 
ac 
7.0 
6.0 
5.0 
4.0 
o 
< ^  
ac (c 
3.0 
UJ 
2.0 
1.0 
0 . 0  
o / / 
o / / ® 
/So 
o 
7 
ft 
/ 
O P 
/ 
0.5 1.0 1.5 
^ Q (7.15^^ -0.0117 T) 
2.0 2.5 
4 
D«e .955 
10 
FIGURE 22 .  GENERAL CORRELATION OF EXTRACTION 
VARIABLES AND RESIDUAL EXTRACTABLES.  
ISS 
of (B), it oan b® nagleoted wMoh will xHisult in the follow­
ing eqmationi 
B - S8.000 Si ,C?.16/.//3 - 0.0117 T) 
U^pO.968 
Where, 
E is residual extraotables, % moisture free basis 
b is flake thickness> ft. 
is meat diameter, ft. 
0 is extraoticm time, hours 
/J is viscosity, lb./ft. hr. 
yO is density, lb./ft.® 
f is extraction temperature, ®F. 
The calculated values of the residual extractables for 
the ccmditions of the various runs had an average error of 
three per cent vAien compared with the experimental values. 
As stated previously, the equation is probably valid only 
for the cottonseed meats used in these experiments; however, 
the fact that such an equation could be developed from the 
data and that it has the accuracy that it does indicates 
that the data is fairly consistent. 
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Prooess Evaluation 
Solvent extraotion of cottonseed oil by triohloroethyl-
@ne was siioum to be feasable in the pilot plant equipment, 
resulting in a prime crude oil and a high protein meal with 
a low free gossypol content. P'Pool (46) found that the ex­
traction data duplicated commercial plant results for ex­
traction of soybean oil, which enables direct application 
of the pilot plant results on cottonaeed to oomi^rcial plant 
scale. 1?hu8, by assuning commercial plant operating condi­
tions, it is possible to calculate the expected residual ex-
tractables in the extracted flakes with equation 14. The 
actual numerical veQ.ues of the various extraction variables 
are set to a great extent by the nature of the cottonseed 
being processed and the method of preparing the flakes. 
Under normal operating conditions, a residual extractable 
content in the extracted material of 1.5 per cent, moisture 
free basis, can be expected. For this value of residual 
extractables, the reduction in free gossypol during the ac­
tual extraction process will be about 87 per cent. If we 
assume the flakes as fed have a free gossypol content of 
1.90 per cent, the extracted flakes would contain 0.25 per 
cent of free gossypol, moisture and oil free basis. Limit­
ing the meal temperatures to 180®P in the first desolven-
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tlzw and 250®F In the second and thi3?d, to conserve the sol-
uhl# proteins, will give additional reductions in the free 
gossypol content of 45 and 40 per cent. The desolventized 
oeal will have a free gossypol content of 0.08 per cent, 
Bttoisture and oil free basis, with these operating conditions, 
and after the addition of hulls and water to adjust the meal 
to 41 per cent protein and 12 per cent moisture, the free 
gossypol content will be about 0.06 per cent. The protein 
content of the desolventized oieal cfica be expected to be at 
least §8 per cent, moisture free basis, before adjustment, 
with the distribution of soluble fractions as given on page 
116. The crude oil obtained from the extraction, and sub­
sequent desolventizing of the miscella, can be expected to 
meet the specifications for the prime grade, if not exceed­
ing them and thus demanding a premium due to low refining 
loss and free fatty acid content. The expected plant capac­
ity with aa extraction time of 85 minutes will be 50 tons 
per day of cottonseed which are equivalent to 30 tons of de-
hulled and flaked meats. 
fhe estimated, installed, cost of a complete plant of 
this capacity will be |3S6,000 (30), and on the basis of the 
above calculations and discussion an economic analysis of 
the process is given below. 
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Table 54 
Product Xialde aaoyd Talu® per Ton 
of Cottonseed Processed 
Product Base 
prioe» 
Product Product 
value 
(dollars) 
Heal® #82.00 
per ton 
880 56.08 
Oil #0.15 
per lb. 
573 56.24 
Hulls 120.00 
per ton 
424 4.24 
Lint 10.09 
per lb. 
228 20.50 
Gross value 117.06 
^February, 1955, prices. 
^Differenoe between total and 2,000 pounds is moisture 
lost during processing. 
®«eal adjusted to 41 per cent protein and 12 per cent 
ffloisture by addition of hulls and water. 
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Table 36 
Froduetion Cost £stimat@ for a 50 Tons per Day 
Cottcmseed Oil £xtraotlon Plants 
Cost per ton of 
cottonseed processed 
(dollars) 
law materials and storage^ 70.00 
Oetmlling and delinting^ 15.00 
Direct extraetion expense© 
power 0,72 
light 0.10 
maintenance 0.38 
fuel 1.64 
solTent 1.21 
water 0.32 
labor _§jJO 
7.97 
Indirect extraction expenseO 
depreciation 3.36 
insurance and taxes 0.64 
laboratory expense 0.10 
4.10 
Total production cost 97.07 
®Triohloroetlaylene solvent. 
Harris, 1. D. scad Hayward, J. W. (28) 
%aiser, A. J. (30). 
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Table 36 
Bstlmated Betuzm on XnTestment for a 
50 Tozis per Day Cottonaeed Oil Extraction Plant 
Inmial terns processed 15,000 
.tomual sales, dollars 1,756,900 
jinmal processing cost 1,456,050 
Gross profit 299,850 
Selling and administration expense 53,500 
Met profit 246,350 
Inooae tax (60%) 147,810 
Het earnings 98,540 
aetum on fixed oapital, ^  29.5 
letum on fixed plus working oapital, 14.3 
®^300 operating days a year. 
forking Oapital estiiaated as 20 per cent of annual 
sales. 
128 
At th® present time the process is fairly attractive 
and in the future, due to the high protein meal which can be 
produced, may become more attractive. However, the markets 
for vegetable oils and protein meal suppleo^nts are unstable, 
and a Icmg range survey should be carried out before passing 
final judgement. Jtlso, if low grade cottonseeds are proc­
essed, oil color and ©rude oil refining loss can be expected 
to Increase which will reduce the product value and yield. 
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QOMGWSlOm 
1. A small pilot plfioat slmHar to the ooii^rolal soybean 
oil extraoticm U23dt developed at Xowa State College was de* 
sigzsed and built for the purpose of determinizig if the proc­
ess oould be adapted to oottonseed oil extraotion. By car­
rying the experiments out in this small unit a relatively 
small amount of cottonseed was needed. 
E. Information obtained in pilot plant operaticoiB proved 
that flaked cottonseed meats could be successfully processed 
in this type of equipment. 
5. Pilot plant experiments proved tbat extraotion of cot­
tonseed oil by triohloroethylene in this type of equipment 
resulted in a prime crude oil and a high protein meal, low 
in free gossypol. 
4. Based on the data obtained in the pilot plant experi­
ments, a cost estimate for a 50 tons per day commercial 
plaat indicated wa. animal return of 29.3 per cent on the 
original investment could be expected. 
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0. fia® efCeots of the ladlvltual extraotlon varlablee was 
studied a&d i^elaticmis expresslzig their effect upon the re­
sidual extraetable oontezit of the extraoted flakes were de-> 
•eloped. A generalised oorrelation of the data was made, 
resulting in an expression by whioh the x^sidual extraotable 
content of the extracted oottonseed flakes oould be oalou-
lated with am. aocuraey of S.O per oent. 
§. Ixtraotion with triohloroethylene was shown to be an ef-
feotive prooess for t^e reduction of the free gossypol con­
tent in the oottonseed flakes, giving reductions as high as 
90 per oent. 
7. The color of the oil obtained by desolvent1zing cottonseed-
triohloroethylene oiscella increases with the desolventizing 
temperature. The upper limit of prime oil color indexes for 
both refined and refined and bleached oils are met at a de-
solventizing temperature of 1S0®F and are exceeded at SIO^F. 
a .  It is not recosisiended that triohloroethylene extracted 
neal be used as a feed pending experimental determination of 
possible toxic factors other than gossypol. 
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APPIHDIX A 
Analytical Methods 
fh@ analytical nethocls used we3?e official or tentative 
methods of the American Oil Chemist*s Society (38), or, in 
the case no method was designated, specially developed 
methods, "^he listing below gives the source of the method 
and the official code nsimber. 
Official A.O.C.S. Methods; 
1. Moisture - rule 875, section B. 
8, Oil content - rule 273, section 3. 
3. Free fatty acids of oil - rule 274, section 4. 
4. Hefining of crude oil - rule 274, sections 5 
and 6. 
§. Bleaching of refined oil - rule 275, section 3. 
6. Color of i^fined oil 
and bleached oil - rule 275, section 1. 
7, Iodine number of crude oil - Cd 1-25. 
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l^entatlv© A.O.C.S. Methods: 
1. Fr®© gossypol oontent of cottonseed products (43). 
5?he aiethod was modified by using a Klett-
Suamerson Ehoto-®l©ctrio Colorimeter, 
with a Mo. 42 filter having a maximum 
transmission between 447 and 468 mu, to 
determi23«» the optical densities of the 
solutions* The equation to convert 
colorimeter readings to per cent free 
gossypol is; 
^ Free OOBsypol = 
2. Gossypol content of cottonseed oil (44). 
tfhe method was modified by using a Klett-
Summerson Fhoto-electrio Colorimeter, 
with a l^o. 4E filter having a maximum 
transmission between 447 and 468 mu, to 
determine the optical densities of the 
solutions. '!Phe equation for converting 
the colorimeter readings to per cent 
gossypol is: 
% aossypol » 
Mg. Sample 
Specially developed methods: 
1. Total protein in cottonseed products. 
The procedure followed was essentially 
that specified in Tule 273, section 5 of 
the official methods; however, it was 
modified for semi-micro digestions and 
the ammonia distillations were carried 
out with a Pregl distillation apparatus. 
X40 
2. Soluble prot@l3a fraotlons in oottonseed products. 
Thm procedure followed was essentially 
that developed by Burnet (IS) for soy­
bean proteins, modified for semi-micro 
digestions a^d the ammonia distilla­
tions were carried out with a Pregl 
distillation apparatus, 
3. Flak® thickness. 
A dial gauge« mounted an a special ped­
estal as shorn in Figui^a 22, was used 
to measure the individual flake thick­
nesses. The average of 100 measurements 
was taken as the average flake thickness, 
the flakes being picked randomly from a 
composite sample of flakes. 
4. Meat diameter 
A composite sample of meats was screened 
in a system of screens consisting of a 
Mo. 6, 8, 10, 12, 14 and 20 Tyler screen. 
Assuming the meats held on any screen 
have an average size equal to the average 
of the opening of the screen they are 
held on and the screen above, the average 
size was calculatod by isiltlplying the 
weight fraction by the average meat size 
for each fraction and dividing the sum 
of these products by the weight of the 
sample. Since the meats are nearly 
spherical, the average meat size can be 
considered as the average meat diameter. 
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4 4 
FlgiUTe 83. view of the Apparatus Used 
to Measure Plaice Thlokness. 
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APPENDIX B 
Densities and Visoosities of Cottonseed Oil-
Triohloroethylene Mixtures 
The dez]Bities and Tisoosities of various cottonseed oil-
triohloroethylene mixtures were measured at four tempera­
tures. An Oswald pipette, having a water constant of 
0,0011985 at 25®C| was used in the viscosity experiments 
and 25 oo. pycnometers were used in the density experiments. 
The temperature of the themostating bath was controlled 
to within -O.OE^C during the experiments. The results of 
these experiments are tabulated in 1?able 37. ^he cottonseed 
oil used in preparing the iBixt\ires was triohloroethylene ex­
tracted crude oil having a free fatty acid content of 1.10 
per cent, an iodine number of HE and containing 0.07 per 
cent total volatile®. 
JBquations were developed from these data expressing the 
density and viscosity in terms of the temperature and oil 
concentration in the mixture, ^hese equations are presented 
below, together with tl^ir accuracy and range of application. 
Tabl© 37 
Itensiti#® aiKi Viscosities of Cottoi^eed. GU-l^eKlcm^ettjleije ffixfetires 
Per cent oil 
in Kixtiar© fiS€0Sity, 0p. Iteasitj, g*/ee. 
^i^smtare, ®C ^Miperature, ®C 
25 35 50 70 25 35 50 70 
0.00 0.590 0.51i3 0.1»86 0M9 l.ii555 1.14380 i,mi 1.3785 
5.37 0.749 0.682 0.596 0.^1 l,Ijl28 I.I4O32 1.3791 I.3I195 
9.5U 0.959 0.856 0.731 0.596 1.3785 1.3609 1.3385 1.3075 
15.07 1.233 1.092 0.910 0.728 1.3101 1.32lt7 1.3065 1.2798 
19.9U 1.5li7 1.353 1.121 0.883 1.3055 1.2928 I.27I4O l.2li95 
214.93 1.878 1.6Llt 1.317 1.025 1.2725 1.2596 1.2ljlO 1.2155 
30.03 2.I4O5 2.053 1.6lt8 1.283 1.2lt80 1.2365 l.a93 1.1995 
3lt.88 2.953 2.I482 1.969 l.IiSii 1.2075 1.1961 1.1790 1.1565 
39.91 3.789 3.1iiO 2.1i36 1.791 1.1865 1.1758 I.I603 1.1388 
58.97 B,66k 6.793 U.9it3 3.ii36 1.0957 1.0867 1.0730 l.<^56 
100.00 63.12 la.liO 2U.15 ,12.]4i 0.9315 0,92h9 0.9134 0.9021 
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(15) 
where, 
D is ^aasity, g./oo. 
T is temperature, ®C 
n is 1.4905 - 0.75433C 0.19Z1X» 
m is -0.00167 + 0.0021X - O.OOlSXa 
X is weight fraotion of oil in mixture 
temperature range - 85 to 70®C 
Oil oonoeatration range - 0 to 60 per cent 
aoouraoy • 0.50 per oent 
log jj « aX - b <16) 
wlier«, 
^ is visoosityj eentipoise 
X is per oent oil in mixture 
a is 0.0284 - 0.000094 T 
h is 0.1364 + 0.00355 T 
T is temperature, ®C 
temperature range • 25 to 70®C 
oil oonoentration range - 0 to 40 per oent 
aoouraoy 2.0 per oent 
